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Developmental Mechanics of Fucaceous Algae II. 
Vital Staining of Centrifuged Coccophora Eggs 


by Singo NAKAZAWA* 


PRET*: 7-7ABREMORENS Il. BMOMELK AY Se 7 OMOL AME 
Received June 15, 1956 


As a result of the writer’s previous experiments of vital staining® and differen- 
tial susceptibility ! for toxic substances on Coccophora and Sargassum eggs, it was 
known that when the morphological polarity was determined after fertilization the 
permeability for various matters increased partially on the side where’ the future 
rhizoids were to be formed, while it was. uniform on all sides of the egg till the 
appearance of the morphological polarity. However, it is still questioned whether 
or not the polar staining and the polar susceptibility are attributed to the polar 
distribution of some intracellular materials having special affinity to those dyes or 
those toxic drugs, rather than to the differential permeability. This point will be 
clarified if the polarity determined eggs are centrifuged to stratify the intracellular 
materials in various directions to the morphological polarity axis, and then stained 
vitally with those dyes used in preceding experiments. That is, in such an experi- 
ment, if the staining also appears at first in the rhizoid pole selectively independent- 
ly of the stratification, the conclusion of the preceding experiments will be verified. 
But if the staining appears restricted to a certain strratum resulted with the 
centrifuging, it will be more probable that the polar staining is attributed to a 
certain intracellular material. 

In April 1956, Coccophora Langsdorfii was collected at Asamushi, and cultured 
in glass vessels. Eggs discharged were artificially fertilized, and used for the experi- 
ment. Those eggs in which the morphological polarity was determined with trans- 
formation from spherical into ovate form, were centrifuged together with eggs of 
the younger stage still undetermined. An electric centrifuge of 30 cm in diameter 
was turned in the experiment in a speed of 3000 cycles per minute, i. e. 1500 times 
gravity, for 20 minutes. The centrifuged eggs were taken out from the centrifug- 
ing tube and stained vitally with Bismarck brown, brilliant green, and with neutral 
red. The staining media were prepared in the same way as those in preceding 
experiments. 

A clear stratification was resulted with the centrifuging. The order of stratifi- 
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Fig. 1. Fertilized Coccophora eggs, polarity 
determined (d~f), undetermined (a~c). a) 
Uncentrifuged, b) centrifuged, c~f) stained 
with Bismark brown after cantrifuged. Note 
that the staining appears selectively on the 
centrifugal side independent of the polarity. 
0, Oil layer; p, plastid layer; q, plasm layer ; 
r, granule layer; and the arrow indicates the 
centrifugal direction. Staining is dotted. 
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cation was similar to that which was 
reported previously”, that is, oil drops 
in the centripetal edge, plastids with 
nucleus in the middle, and finally a clear 
plasm zone till the centrifugal end. The 
last, however, was analysed into two 
different layers by the vital staining. 
That is, it was known that a granule 
layer which was not able to be distin- 


' guished from the neighbouring clear 


zone, was separated in the heaviest end, 
stained selectively with Bismarck brown 
(Fig. 1 c~f). Considering with a pre- 
ceding investigation”), the granules are 
supposed to be equal to those micro- 
some-like particles distributing all over 
the plasm uniformly before the centri- 
fuging. Therefore the stratiform: stain- 


ing with Bismarck brown is not related to the polar permeability but it is based 
merely on the stratification of the stainable granules. 

Staining appears differently with brilliant green or with neutral red. Eggs cen- 
trifuged before the morphological polarity was determined, stained uniformly from 
all over the surface with those dyes in spite of the stratification, showing undiffer- 
entiation of the permeability and that what was stainable was not a special material 
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Fig. 2. Vital staining of the polarity 
determined Coccophora eggs with neutral 
red, after being centrifuged. a) Centrifuged 
obliquely, and b) laterally. Note the polar 
staining independent of the centrifuging 
axis, but dependent upon the polarity, 
appearing highest in the rhizoid pole (r). 
Arrow indicates the centrifugal direction. 


the cell. 
however, in which the morphological 
polarity has been determined, the stain- 
ing begins. to appear partially on the 


stratified in In those eggs, 


pointed side where ‘the rhizoids are to be 
formed in a later stage, without relation 
to the stratification (Fig. 2).. The stain- 
ing spreads in time towards the opposite 
side till the whole stains uniformly. 

It was pointed out in preceding 
papers 7) that the polarity: determina- 
tion in eggs of Coccophora and Sargas- 
sum was independent of the arrange- 
ment of the intracellular materials but 
is dependent upon some cortical differen- 
tiation. This interpretation is in accor- 
dance with some instances presented 
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in zoological fields‘23.4,5.13,1, The cortical differetiation was considered to be the 
induction of a gradient of permeability, highest in the rhizoid pole®9 10.1112, This 
supposition is verified by the above experiments. ‘That is, the polar staining is 
not dependent upon the axis of the stratification, but is connected with the 
morphological polarity. This polar permeability seems to be closely in relation to 
the morphogenetic movement of the fertilized egg, considering the polarity axis is 
also determined with a forced transformation , 


Summary 


(1) Fertilized eggs of Coccophora Langsdorfii were centrifuged with 1500 times. 
gravity for 20 minutes. As a result, the intracellular materials were stratified into 
four layers: oil drops in the centripetal edge, plastids with nucleus, clear plasm 
layer, and then the granule layer in the centrifugal end. 

(2) The granule layer is composed of microsome-like granules: specially stain- 
able with Bismarck brown. 

(3) Polar staining, with brilliant green or with neutral red, begins to appear 
in the rhizoid pole after the morphological polarity is determined, while the stain- 
ing appears uniformly on all over the surface before that stage. The mode of this. 
staining is independent of the axis of the stratification.- This phenomenon verifies. 
that the permeability for these dyes is the highest in the rhizoid pole. 


The present writer is grateful to Prof. Dr. Arika Kimura, Tohoku University, 
for his kind support of this investigation. 
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A Cytotaxonomical Study on Anemone Hepatica L. 
(Ranunculaceae) of Japan 
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Anemone Hepatica L. of Japan has been divided into var. japonica (Nakai) 
Ohwi (the lobes of the leaves acute) and f. mipponica (Nakai) Ohwi (the lobes of 
the leaves rounded or obtuse). 

The chromosome number of var. japonica, determined by G. Nakajima? and M. 
Kurita, was 2n=14. In the present study, cytological observations are made on 
the root-tip cells of var. japonica f. japonica (plants collected at Mt. Asama, 
Prov. Ise), f. magna (plants collected at Mt. Kawachi, Nishitagawa, Prov. Uzen), 
var. nipponica (plants collected at Mt. Fujiwara, Prov. Ise) and var. pubescens 
(plants collected at Mt. Fujiwara, Prov. Ise). The chromosome number varied as 
follows: in var. japonica, 2n=14, x=7 (Figs. I-IV, IX-X), and in var. nipponica, 
2n=28, x= 7 (Figs. V-VI, XI) and in var. pubescens 2n=42, x=7 (Figs. VII-VIII, 
XII), Namely, a polyploid series with a basic number 7 was found. The karyotype 
of these three varieties, however, differed slightly, i. e. that of japonica was K(2n) 
=14=8SM+4BSM+2C; var. nipponica, K(2n)=28=16ASM+4B°5M+8C; var. pubescens, 
K(2n)=42=24ASM46BSM+412C. In the 2n=14 group of var. japonica, two karyo- 
types were observed in two formes, i. e. in f. japonica the smallest chromosome 
had no clear constriction (Figs. I-II, IX, 7), while in f. magna the smallest had a 
subterminal constriction (Figs. IIIJ-IV, X, 7). 

F. magna grows taller than f. japonica and has larger leaves than those of f. 
japonica. The length of stomata on the abaxial surface of the leaves of f. magna 
is longer than that of f. japonica, and the number of chloroplasts in the guard cell 
of the former is also more numerous than that of the latter. F. magna is distri- 
buted from Central Honshu to North Honshu, while f. japonica from Kyusyu through 
Shikoku to Central Honshu. In var. japonica (2x), var. nipponica (4x) and var. 
pubescens (6x), the size of stomata and the number of chloroplasts in the guard 
cell seem to increase (proportionally) in direct proportion to the polyploidy.** 

From the fact that var. japonica, var. nipponica and var. pubescens are closely 
related each other in the morphological characters as well as in the karyotypes, it 
may be concluded that they belong to a single species. 


* Botanical Institute, Faculty of Science, Kyoto University. YASH YSD Hptas 
** Measurements of stomata length and of chloroplast number are made with three leaves in 
each variety, and ten stomata in each leaf. 
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Figs. I-XII, metaphase chromosomes in root-tip cells of Anemone Hepatica L. var japonica 
(Nakai) Ohwi f. japonica, f. magna, var. nipponica (Nakai) Hiroe and var. pubescens Hiroe. Photo- 
micrographs are taken with a Homg. imm.~x100(n. A. 1.25) and Zeiss oc.x10, x 1250 (pretreated 
with 8-hyroxyquinoline and stained with aceto-orsein). 

Figs. I-IJ, somatic chromosomes (2n=14) of A. Hepatica L. var. japonicz f. japonica. Fig. 
I, photomicrograph of metaphase plate. Fig. II, schematical reproduction of Fig. I. 

Figs. III-IV. somatic chromosomes (2n=14) of A. Hepatica L. var. japonica f. magna. Fig, 
Ill, photomicrograph of metaphase plate. Fig. IV, schematical reproduction of Fig. III. 

Figs. V-VI. somatic chromosomes (2n=28) of A. Hepatica L. var. nipponica (Nakai) Hiroe. 
Fig. V, photomicrograph of metaphase plate. Fig. VI, schematical reproduction of Fig. V. 

Figs. VII-VIII, somatic chromosomes (2n=42) of A. Hepatica’L. var. pubescens Hiroe. Fig. 
VII, photomicrograph of metaphase plate. Fig. VII, schematical reproduction of Fig. VII. 
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Fig. IX, chromosome idiogram of A. Hepatica var. japonica f. japonica. 
Fig. X, chromosome idiogram of A. Hepatica var. japonica f. magna. 
Fig. XI, chromosome idiogram of A. Hepatica var. nipponica. 

Fig. XII, chromosome idiogram of A. Hepatica var. pubescens. 


Lobes of leaves, acute. The number of chromosomes is 2n=14............... A. Hepatica var. japonica. 
Slender, 8-18 cm high. Leaves 2-3 cm long, 2-5 cm broad; average length of stomata on 
the abaxial surface of leaves 0.22 mm (0.20-0.24 mm.); average number of chloroplasts 
in the guard cells 32 (24-40). The smallest chromosome has no clear constriction (Figs. 
THUD, AX): .. eases ceeds cesnnesanennsesescnseneceangegennaraeseousatinensgacarn ovcusdnpgebsecssesnsoods souasgenannaeas f. japonica. 
Plants 10-20 cm high. Leaves 3-6 cm long, 5-10 cm broad; the average length of stomata 
on the abaxial surface of leaves 0.25 mm (0.21-28mm); the average number of chloro- 
plasts in the guard cells 38 (30-48). The smallest chromosome has a sharp subterminal 
constriction “(Wigs. [II-[V, X)..ecc.cc..s.cceetecceteceteccoteciaceedeg ene Men Een cc ss tt cae me TE eae f. magna. 
Lobes of leaves rounded or obtuse. The number of chromosomes is 2n=28, 42. 
The adaxial surface of leaves glabrate, the average length of stomata on the abaxial surface 
of leaves 0.24 mm (0. 22-0.26 mm); the average number of chloroplasts in the guard cells 
42 (34-52). The number of chromosomes 2n=28 (Figs. V-VI, XI)...............085 var. nipponica. 


The adaxial surface of the leaves pubescent, the average length of stomata on the abaxial 
surface of leaves 0.32 mm (0.30-0.34 mm); the average number of chloroplasts in the 
guard cells;48 (38-56). The number of chromosomes 2n=42 (Figs. VII-VIII, XII) 


Beans cc as toate Gas Sait Ales raid lols amen. on dee ale Cae Geet RR co oe aac ec ce var. pubescens. 
Anemone Hepatica L., Sp. Pl. 538. 1753. 
var. japonica (Nakai) Ohwi, Fl. Jap. 518. 1953. Syn. Hepatica nobilis Schreb. 
var. japonica Nakai, Journ. Jap. Bot. 13: 307. 1937. 
f. japonica Nom. Jap. Misumi-so. 


Se errr 


Petioli 8-18 cm. longi; laminae foliorum supra glabellae subtus pilosellae, ad 
medium aequaliter trilobatae, lobis latissime ovatis, alii acutis; laminae adultae ex 
apice petioli ad apicem 2-3 cm longae 2-5 cm latae. Involucri phylla 3, 5-10 mm 
longa 3-4 mm lata obtusa vel acuta sericea. Sepala 7-11 lineari-oblonga 5-8 mm 
longa 2-4 mm lata. Stamina numerosa 2-5 mm longa glabra. 

Distribution: From Kyusyu through Shikoku to the central districts of Honshu. 
The karyotype of this forma may be depicted as follows: 

K(2n)=14=8ASM+4BSM 49C 
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f. magna Hiroe, f. nov. Nom. Jap. Ohmisumi-so. 

Petioli 10-20 cm longi; laminae foliorum supra glabellae subtus pilosellae, ad 
medium aequaliter trilobatae, lobis latissimime ovatis, alii acutis; laminae adultae 
ex apice petioli ad apicem 3-6 cm longae 5-10 ¢m latae. Involucri phylla 3, 5-10 mm 
longa 3-5 mm lata obtusa vel acuta sericea. Sepala 9-11 lineari-oblonga 7-12 mm 
longa 3-5 mm lata. Stamina 3-6 mm longa glabra. Ovaria sericea. 

Type. Mt. Kawachi, Nishi-tagawa-gun, Prov. Uzen (S. Murai, June 10, 1934—in 
Herb. Kyoto Univ.). Distribution: From Central Honshu to Northern Honshu. 

; The karyotype of this forma may be depicted as follows: 
K@n)=14=8ASM+4BSM + 2Cst F 

var. nipponica (Nakai) Hiroe, comb. nov. Hepatica nobilis Schreb. var. japonica 
Nakai f. typica Nakai, 1. c. 13: 306, in clave. 1937; Anemone Hepatica L.-var japon- 
ica (Nakai) Ohwi f. uipponica (Nakai) Ohwi, 1. c. 518, 1953. Nom. Jap. Suhama-so. 

Petioli 10-25 cm longi;. laminae foliorum supra glabellae subtus pilosellae, ad 
medium aequaliter trilobatae, lobis latissimime ovatis, alii obtusiusculis; laminae 
adultae ex apice petioli ad apicem 2-4 cm Jongae 3-8 cm latae. Involucri phylla 
3, 8-15 mm longa 3-7 mm lata obtusa sericea. Sepala 6-8 lineari-oblonga 7-15 mm 
longa 3-7 mm lata. Stamina numerosa 3-7 mm longa glabra. 

_ Distribution: From Western Honshu to North Honshu. The chromosome num- 
ber of this variety is double (4x, Fig. XI) of that of f. japonica (2x, Fig. IX). 
The karyotype of this variety may be depicted as follows: ; 
K(2n)=28=16ASM+4BSM+8C 

var. pubescens Hiroe, var. nov. Nom. Jap. Ke-suhama-so. 

Petioli 5-12 cm longi; laminae foliorum supra pubescentes subtus pilosellae, ad 
medium aequaliter trilobatae, lobis latissimime ovatis, alii obtusiusculis; laminae 
adultae ex apice petioli ad apicem 1-3 cm longae 2.5-5 cm latae. Involucri phylla 3, 
5-8 mm longa 3-5 mm lata obtusa sericea. Sepala 6-8 linearioblonga 5-13 mm 
longa 3-5 mm lata. Stamina numerosa 2-4 mm longa glabra. Ovaria sericea. 

Type. Mt. Fujiwara, Prov. Ise (Z. Tashiro, Apr. 3, 1937—in Herb. Kyoto Univ.). 

Distribution: From Central Honshu through Western Honshu to Shikoku. 

The chromosome number of this variety is three times (6x, Fig. XII) of that of f. 
japonica (2x, Fig. IX). The karyotype of this variety may be depicted as follows: 
K(2n)=42=24ASM + 6BSM + 12C 

The ‘writer expresses his cordial thanks to Prof. M. Shigenaga for his guidance 

in the cytological technique. 
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Notes on some grasses III 
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5. Affinities of the genus Brylkinia.—Brylkinia is a monotypic genus inclu- 
ding B. schmidtii Ohwi (=B. caudata Fr. Schm.) which inhabits Japan, Saghalin, 
South Kurile Islands and Manchuria. Bentham (1881) and Hackel (1887) placed 
it near Pleuropogon and Uniola which were assigned to Festuceae-Festucinae. Pilger 
(1954) transferred Pleuropogon to Festuceae-Glyceriinae, and retained Brylkinia in 
Festucinae. Ohwi (1942) proposed to treat Brylkinia as an independent subtribe. 
Brylkininae in the Meliceae. The characteristics of chromosomes and leaf structure 
of B. schmidtii have never been studied. In the present paper the results of their 
investigation and also considerations on the affinities of the genus are presented. 

Chromosomes!)—Materials for chro- 
mosome observation were collected at 
Mt. Mitsut6ge, Yamanashi Pref., and Mt. 
Yatsu. and Kamikéchi, Nagano Pref. 
Invariably in root tip cells forty small 
chromosomes were found. One pair of 
Sat-chromosomes was observed (Fig. 1, 2). 
The basic chromosome number is assum- 
ed to be ten. 

Leaf structure—No bicellular hairs 
could be found either in the upper or 
lower epidermis. Siliceous cells show a 
rectangular shape and wavy contours 
(Fig. 2, III). In the upper epidermis 
unicellular hairs are found; they do not 
possess a sheath of epidermal cells at the 
base. A mechanical cell layer surrounds 
the vascular bundles, and the chlorophyll 
. tissue is uniformly distributed between 
Fig. 1. Brylkinia schmidtii Ohwi the bundles (Fig. 2, Il). This cleary 


* National Institute of Genetics, Mishima, Shizuoka -Pref. EDR FET 
7: oy method of chromosome observation was as follows. Root tips were directly fixed at 
€ habitats in Navashin solution. They were later dehydrated, embedded in paraffin and cut 


at 15 micra. Gentian violet method was used for staining. Chromosome figures were drawn 
with the aid of an Abbe drawing apparatus. 
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shows that the characteristics of leaf structure of B. schmidtii fall into the Festucoid 
type. ; 


Fig. 2. Brylkinia schmidtii Ohwi.I. Somatic chromosomes x 2000. 2n= 
40. II. Transverse leaf section x 300. le-lower epidermis. mc-mechanical 
cell. mcl-mechanical cell layer. mtc-motor cell. pa-parenchyma. ph- 
phloem. st-stoma. ue-upper epidermis. v-vessel. III. Siliceous cell 
x 600. A-upper epidermis, B-lower epidermis. 


Consideration—Concerning the chromosome number and their size, B. schmidtii 
is evidently different from typical members of Festuceae-Festucinae.. The latter has 
the basic chromosome number of seven and large (~medium) sized chromosomes, 
while Brylkinia is characterized by small chromosomes of basic ten. Brylkinia and 
Uniola which are erroneously placed in Festuceae-Festucinae have several charact- 
eristics in common such as a reduced lower floret, a compressed spikelet, many- 
nerved and winged lemma, etc. However, the two genera are obviously different 
in the characteristics of chromosomes, leaf structure and endosperm starch. Bryl- 
kinia has b 10, while Uniola has b=12; characteristics of leaf structure of Brylkinia 
are festucoid, but those of Uniola are panicoid; starch grains of endosperm of 
Brylkinia are compound, while those of Uniola are large, round, and simple. Con- 
sidering these differences, the two genera cannot be closely related. As mentioned 
above, Ohwi (1942) included Brylkinia in Meliceae as an independent subtribe. 
Meliceae, according to Ohwi (1. c.) contains the genus Glyceria, but Melica and 
Glyceria should be separated having different chromosome characteristics. Chromo- 
some number and size of Glyceria are in good accord with those of Brylkinia; 
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b=10and small size. Also Festucoid type of leaf structure and compound endosperm 
starch grains are the same in the two genera. It seems to be correct that Brylkinia 


occupies an intermediate position between Glyceria and Uniola. 


6. Systematic problem of the genus Diarrhena—The genus Diarrhena includes 
a few species which are distributed in East Asia and one American species, D. 
americana Beauv. Two closely related species, D. japonica Franch. et Sav. and D. 
fauriei (Hack.) Ohwi are found in Japan. Chromosomes of Diarrhena have not been 
examined up to the present. The characteristics of them and leaf structure are 
reported below for the Japanese species. 

Chromosomes—D. japonica was collected at Yugashima, Izu Pennisula, Shizuoka 
Pref., and D. fauriei was obtained from Nagawado (near Kamikéchi), Nagano Pref. 
In both species, thirty eight small chromosomes were found in root tip cells (Fig.3, 
TA, ITA). 


Leaf structure—In the 


epidermis of the two species 
no bicellular hairs were 
found. Siliceous cells are of 
rectangular shape and wavy 


contours, giving a dumbbell 


appearance to short cells 
(Fig. 3, IB, IIB). In trans- 
verse leaf section, a mechani- 
cal cell layer surrounds the 
vascular bundles and chloro- 
plasts are uniformly distri- 
buted throughout the meso- 
phyll- (Figs | 3,21IC; ID)? “Tn 
respect to the shape of sili- 
ceous cells, Diarrhena is 
intermediate between the 
Festucoid and the -Panicoid 
type. Put, on the whole, the 
characteristics of leaf struc- 
ture. of Diarrhena may be 
regarded as those of Festucoid 
type. — 


Fig. 3. I. Diarrhena japonica Franch. et’Sav. Il. D. 
fauriei Ohwi A.Somatic chromosomes x 2000. I and lI 2n 3 
=38. B. Siliceous cells x 300. a-upper epidermis, b-lower Diarrhena is very confused. 


epidermis. C, D. Transverse leaf section Cx 300, Dx375. Bentham (1881) included this 


The systematic placing of 
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genus in Festuceae-Melicinae, and remarked that Diarrhena was a very closely 
related genus to Melica but different- from it in the three-nerved and hardened 
lemma, large grains and two or. one stamens. Bentham’s view was followed by 
Hackel (1887). Hitchcock (1935) assigned Diarrhena to Festuceae; but placed it near 
Molinia, not Melica. Pilger (1954) ascribed Molinia to Arundineae and Diarrhena 
to Festuceae-Festucinae. Ohwi (1941). pointed out the following common characte- 
ristics in Dzarrhena and Phaenosperma: lemma three-nerved, glabrous except for 
the nerves, awnless, rather firm; glumes and lemma involute in immature spikelets; 
grains large. In eddition to the two genera, Molinia, Moliniopsis and Hakonechloa 
were included in Phaenospermeae by Ohwi (1942). He divided phaenospermeae in 
three subtribes ; Phaenosperminae-Phaenosperma Diarrheninae-Diarrhena, Moliniinae- 
Molinia, a. o. 

The basic chromosome number of Diarrhena is uncertain. The chromosome 
number of 2n=38 found in D. japonica and D. fauriei is very unusual in grasses. 
As basic numbers, 5(10), 6(12), 7, 8,9 and 11 occur in Poaceae. The number of 
thirty eight in the two species is assumed to have been produced secondarily from 
one of the basic numbers indicated above. The small Diarrhena chromosomes are 
different from the large chromosomes found in typical members of Festucinae. The 
chromosomes of Poa are somewhat shorter and narrower than those of typical 


Fig. 4. A. Diarrhena japonica Franch. et Sav. B. Phaenosperma globosum Munro 
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members of Festucinae showing a similarity to Diarrhena chromosomes, but Poa is 
characterized by the basic number of seven. The chromosomes of Melica are 
somewhat larger and wider than those of Diarrhena. Agrosteae, Phalarideae, Triti- 
ceae, Festuceae, etc. which have large (~medium) chromosomes and seven as 
basic number and a leaf structure of Festucoid type have the center of distribution 
jn the Mediterranean region (cf. Tateoka 1956a, 1956b, 1956c), 1956d, 1956e). The pre- 
sent author is of the opinion that these tribes have a monophyletic origin, and esta- 
blished for them the group Eu-festuciformes. Although Diarrhena is festucoid in 
leaf structure, this genus cannot be included in Eu-festuciformes group. Because 
not only distinctive features of external morphology, such as 3-nerved lemma, 
large beaked grain, 2 opposite stamens, but also the small size of chromosomes 
are in disagreement with the characteristics of the Eu-festuciformes group. More- 
over, the distribution of Diarrhena species does not coincide with that of Enu- 
festuciformes group. Therefore, it is reasonable to separate Diarrhena from Festuceae. 

The characteristics of leaf structure in Molinieae are different from those of 
Diarrhena showing threadlike bicellular hairs and an outer bundle sheath which 
does not contain chloroplasts surrounding the vascular bundles (cf. Tateoka 1956f). 
In spite of such differences, Diarrhena and Molinieae have some characteristics 
in common; the uniform distribution of chlorophyll tissue, small chromosome size, 
3-nerved lemma, etc. Phaenosperma and Diarrhena share several common charac- 
teristics concerning external morphology (cf. Ohwi 1941) and also festucoid leaf 
structure and the small size of chromosomes. But Phaenosperma has some peculiar 
characteristics in external morphology; 3-lodicules, glumes adhered at the base, 
leaf blades with petiole-like base found at the base of the culms, Thus, these genera 
show several points of similarity as well as difference. They seem to be not directly 
but remotely allied. 


I wish to express my cordial thanks to Dr. J. Ohwi and Dr. Y. Takenaka for 
their valuable helps during the course of the present investigation. 
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It has been reported in Xanthium and Pervilla that the transmission of photo- 
periodic stimulus is inhibited by girdling or ringing given to the stem between the 
donor leaf and the receptor bud (1, 2, 6). From this fact, besides others, it appeared 
probable that the phloem was the tissue of transmission of photoperiodic stimulus. 
Therefore it was desirable to get more information on the effect of ringing and 
incisions upon the flowering response in other plants. The present paper deals with 
experiments regarding this point with Pharbitis Nil. The material used was the 
same as in previous papers (3, 4). 

Transmission across the ringed stem. When the plants grown under continuous 
illumination developed three fully expanded leaves, the main axes were removed 
above the third node. The cotyledons and the first leaf, and their axillary buds, 
were removed. The stem between the second and third leaf was ringed, and then 
one of the leaves was given 8 hour short day treatment for three days by use of 
light-proof bags, while the other leaf was left exposed to continuous illumination. 

Ringing was done by constantan wire which was looped around the stem and 
heated by electric current. By this operation all the living cells in the operated 
zone are killed, and after a day or so they change their color to brown, but the 
vessels of the stem continue to function normally or apparently so, supplying water 
to the upper portion of the stem and thus enable the upper part to remain alive 
and to develop axillary buds. After about ten days, however, gradually the buds 
begin to wilt. Control plants were not ringed and the second or third leaf was 
given short day treatments in the same manner as in the experimental lot. The 
light control lot was continuously exposed to light. About ten days after the treat- 
ment, the third node of the ringed plants was cut off and its lateral shoot which 
showed an indication of wilting was examined. After further ten days or so the 
third lateral shoot of control plants was examined, and the third node was removed 
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to force the axillary bud of the second node to develop. Flower initiation on the 
second lateral shoot in both experimental and control lots was examined about two 
weeks after the removal of the third node. The experiments were several times 
repeated and all showed similar results. The results of one experiment are shown 
in Table 1. All plants without ringing initiated flower primordia on the lateral 


Table 1. Transmission of photoperiodic stimulus across the ringed 
stem of Pharbitis Nil. 


(Sown on May 25, treatment started on July 2, 1951) 


| Leaf ex- | No. of be Ae | No. of flower pri- | Average number of 
sed t lants ons mordia on axillary | flower primordia 
Treatment | P® 2) || eed on axillary shoot | 
short | observ- ofthe | shoot of the per plant 
days ed ond node| 3rd node 2nd node | 3rd node | 2nd node| 8rd node 
Stems be- | 
tween 2nd | 2nd leaf 50 47 O* 272 o* eo fot O10) 0* 
and 3rd 
nodes were | 3rd _ leaf 50 0 48* 0 160* 0 3. 2+0. 18* 
ringed | 
2nd leaf 29 29 27** 51 222° \V.82- Onell tata Ono les 
Narhene 3rd _ leaf 29 25 29** 56 230** |1.9+0,19'7.9+0. 24** 
Light 
| control 20 0 O*r* 0 O** 0 or* 


* Observed on July 14. 
+#* Observed on July 23. 
Other observations were made on August 9. 


buds of the donor leaf. In 27 out of 29 plants, whose second leaf was the donor, 
and in 25 out of 29 plants, whose third leaf was the donor, the stimulus received by 
the donor leaf was transmitted to the lateral shoot of the adjacent node causing 
flower initiation. But when the stem between the two nodes was ringed, the lateral 
buds failed to initiate flower primordia in so far as they were separated from the 
treated leaf by ringing, irrespective of the position of the leaves. 

Table 1 shows that the number of flower primodia on the third bud in a ringed 
plant is less than in the control plants. As the buds above the ringed parts begin 
to die after about 10 days, the observations must be made early before the response 
manifests itself completely at the growing point. Therefore the number of flower 
primordia observed is considerably less than could have been expected when the 
bud would have developed normally. | 

The experiment shows clearly that the photoperiodic stimulus can be transferred 
up and down the stem but not across the ringed part in Pharbitis Nil as reported 
for Xanthium and Perilla (1, 2, 6). 

It is also remarkable that, in control lots, the number of flower buds initiated 
on the lateral shoot of the second node is far less than that on the shoot of the 
third node, whichever leaf was exposed to short day.. The following facts may be 
given as a reason for this. The axillary bud of the third node begins to develop 
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immediately upon removal of the main axis whereas that of the second node remains 
dormant or apparently so before the third node is removed. Thus at the time of 
dark treatment the upper bud predominates over the lower one in its developmental 
rate and, in addition, the reactability of the former is higher than that of the latter. 
In the lot in which the second bud was separated from the third by ringing, the 
former bud produced a relatively large number of flower primordia as compared 
with that of the non-ringed plant. 

Transmission through the incised stem. Plants were deprived of the main axes 
above the fourth node, all leaves and buds were removed to the third leaf and the 
fourth bud. One lot of these plants were given several incisions on two opposite 
flanks of the stems between the third and fourth nodes. Another lot without incisions 
served as control. Then the plants were exposed to a 21 hour dark period. Flower- 
ing responses on the fourth axillary bud are represented in Table 2 (Exp. 1). In the 


Table 2. Transmission of photoperiodic stimulus across the incised 
stem of Pharbitis Nil. 


Duration of| No. of |No. of plants No. of flower\Average number 
Treatment dark period) plants |with flower} primordia | of flower pri- 
in hours | observed| primordia mordia per plant 
Stems were incised . 
Debivoen.. the 38a 19 16 | 83 4.4+0.70 
Exp. I* | and 4th node. 21 | 
| 
No incisions. 20 20 | 136 6.8+0.72 
Stems were incised 17 9 | 5 0. 3-40. 24 
between the 3rd | ; : 
Exp. Ji**| and 4th node. 16 
No incisions. De, 22 88 4.0+0. 53 


» Sown on May 21, treatment started on June 23, dissected on July 14, 1950. 
«* Sown on September 18, treatment started on October 9, dissected on November 9, 1955. 


control lot, all plants, and in the experimental lot, 16 out of 19 plants initiated 
flower primordia. The number of flower primordia initiated was also less in the 
experimental plants than in the control plants. Thus, the photoperiodic stimulus 
can be transferred across the incised stem, though with some difficulty. 

In another experiment, quite similar results were obtained (Table 2, Exp. 2). 
The plants were exposed to a 16 hour dark period, and flowering responses in plants 
with incised stem were far less than in the control plants. 


Discussion and Summary 


From the present experiments, it may be concluded that the transmission of 
photoperiodic stimulus occurs only through living cells, not through vessels, and 
that it is somewhat inhibited by incisions made on the opposite flanks of the stem, 


through which the stimulus is transferred. 
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Because of the technical difficulties of the incision experiments we are not sure 
whether all the conductive strands of the stem had been severed or some of them 
remained intact. Also the possibility of diffusion of the stimulus through an incised 
surface can not be excluded, as no device against diffusion was applied. Therefore 
from this experiment neither the mode of transmission nor the tissue concerned can 
be with certainty established. 

In a plant with two buds the developing bud on the higher node received more 
stimulus and produced more flower primordia than that on the lower node. Recently, 
Salisbury reported that an actively growing bud of Xanthium has higher sensitivity 
to photoperiodic induction than a dormant one, ie. if actively growing buds are 
removed during or after induction, the dormant buds, when they become active, 
remain vegetative (5). This is also the case in Pharbitis Nil.. In the present 
investigation, in plants with two buds the bud on the higher node was activated 
immediately upon removal of the main axis but that on the lower node was dor- 
mant or nearly so, and was forced to develop about 20 days after the photoperiodic 
treatment. 
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Leaflets, petioles or whole branches of Mimosa pudica are known to athe an 
appearance of wilt by stimulation, This change in the turgor of the responsible 
tissue cells is supposed to have a close relationship to the behavior of potassium ions 
in the tissue, which has been analysed in detail previously.” The present author 
was able to observe the translocation of some kind of colloidal substance in the 
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motor tissue of primary pulvinus at the moment of bending movement as described 
below. In this report, tissue cells of the upper and the under side of the pulvinus 
are chiefly dealt with. 

Mimosa was cultivated in the same manner as had been described in the previous 
-paper.b2) For the oboervation of the motor cells before receiving a stimulus, the 
-plants were exposed to ether vapour for 15 to 20 minutes, thus rendering the 
pulvinus of these plants incapable of responding to any stimulus. The material was 
‘then fixed with Miiller’s fluid, Regaud’ fluid or Zenker’s fluid etc. The fixed material 
was washed by running water 8 to 10 hours. These tissues were cut in sections of 
20 to 40 micra thick by a cylinder microtome or by a hand razor. In oder to stain 
the protoplasm the author tried to use 0,1 and 0,05 per cent water blue and 
other dyes. 

Before receiving a stimulus, both the colloidal substance and the tannin vacuole 
were found to be as inclusions of the central vacuole (Figs. 1, 3). But after receiving 
a stimulus, the collodial sunbstance ceased to appear in the vacuole, while the tannin 
vacuoles remained still observable in the cell. The colloidal substance was observed 
to have flowed out into the intercellular spaces (Fig. 2). This phenomenon was 
especially noticeable in the zone where numerous intercellular spaces are found. 
Figure 5 is the schematic figure in which the distribution of the colloidal substance 
in the intercellular speces is illustrated. It means that the colloidal substance issues 
from the moter cells into the intercellular spaces at the time of bending movement. 
‘The migration of potassium ions in these spaces was studied particularly in the 
previous work. And there can be no doubt to assume that the K* ion is an 
ingredient of the colloidal fluid. The recovery from the bending posture may be 
brought about by the recovery of turgor which can be attained probably by the 
restoring permeation of the colloidal substance and potassium ions through the 
motor cell membranes. From this consideration it can be suggested that the 
permeabilty of the cytoplasm for the colloidal substance together with potassium 
ions increases in the duration of time between the bending movement and recovery. 

The colloidal substance is fixed with fixatives such as Muiller’s fluid, Regaud’s 
fluide, and Zenker’s fluid which contain potassium bichromate solution. Furthermore, 
Champy’s fluid and 10 per cent neutral formalin are also suitable for fixing the 
colloidal substance. In any case, this substance as-well as protoplasm is stainable 
with 0,1 or 0,05 per cent water blue solution. However, the best result was 
obtained by using Miiller’s fluid and water blue staining. Further details of the 
chemical nature of this colloidal substance will be reported in another paper in the 


near future. 
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Fig. 1. Motor tissue before bending movement. Fig. 2. Motor istsue after bending 
movement. Both materials fixed with Miiller’s fluid and stained with0,1% water 
blue. x480. i, intercellular space. Fig. 3. Motor cells before bending movement. 
Fig. 4. Motor cells after bending movement. Both materials fixed with Miiller’s 
fluid and stained with 0,05% water blue. x800. t, tannin vacuole; co, colloidal 
substance; cy, cytoplasm. Fig. 5. Schematic figure of the cross section of primary 
pulvinus. Lined area shows colloidal substance which is issued into intercellular 
spaces. 
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Several workers have recently indicated that in some molds and bacteria, 
despite of the presence of aerobic metabolism of glucose, the anaerobic pathway of 
its breakdown which is shown by the Embden-Meyerhof-Parnas formula cannot be 
found. A more precise work on the carbohydrate oxidation by Pseudomonas 
fluorescens was reported by Wood and Schwerdt (6, 7), where a: characteristic fea- 
ture of bacterial glucose oxidizing system was suggested. 

Acetobacter suboxydans?, one of the typical saccharophilic bacteria, strongly 
oxidizes glucose to gluconic acid under aerobic condition and cyanide inhibits the 
oxidation. The bacteria show strong cytochrome bands, positions of which are 
distinctly different from those of ordinary aerobic organisms (so-called abc-type), 
but are rather close to those of a strain of halotolerant bacteria (so-called ayb,-type) 
(8). 

We took an interest not only on the nature of the oxidase, but also on the 
roles of this characteristic cytochrome in respiratory system. As the preliminary 
step of precise studies we intended to obtain informations about general character- 
istics of the oxidation system of this Acetobacter strain and in the present report 
some significant facts revealed are described. 


Methods 


Method of Culture—The bacteria used were always cultured on agar plates in 
Roux’ flasks of a half liter volume. The media were prepared by the following 
procedure. Ordinary Koji digest (9) was boiled and the filtrate was mixed with 
extract from dry yeast of 1 per cent by weight of the final solution and added with 
1.5—2 per cent agar and 3 per cent calcium carbonate. 2 

Bacterial Suspension—After the cultivation for 5 days at 30°, the harvested 
bacteria were washed with 0.85 per cent solution of common salt and then with 
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distilled water on the centrifuge. The obtained bacterial paste was suspended in 
distilled water and stored in refrigerator. 

The yield of bacteria was usually about 100 mg in dry weight from each cul- 
tural flask. 

Preparation of Cell-Free Extracts—Fresh paste of bacteria diluted with distilled 
water or 1/30 mole phosphate buffer (pH 6.5) was ground with fine quartz-sand in a 
chilled bacterial mill of Utter-Werkman type. A reddish brown, somewhat viscid and 
slightly opalescent solution was obtained on the centrifuge at 2000 g for 20 minutes. 

Determination of Gas Exchanges—Gas exchanges were measured manometrically 
using Warburg apparatus at 25° or 30°. 

Reduction of Dyes under Anaerobic Condition—To determine the activity of 
dehydrogenases Thunberg’s technique was employed at 30°. Methylene blue and 
2,6-dichlorophenol indophenol were used as the hydrogen acceptor in most experi- 
ments. 

Observation of Cytochrome Spectra—An ocular spectroscope (Abbe’s spectral 
ocular, Zeiss) was used for the observation. 


Results 

I. Oxidation System of Glucose 

Specificity to Related Substrates—Disaccharides, methylglucosides®, pentoses and 
hexoses except glucose, so far tested, cannot be attacked or are oxidized only in 
small rates? by the bacteria (Table 1), demonstrating a fairly strict structural speci- 
ficity. Similar results have been reported also on some mold enzymes (10, 11, 12). 

Qo, of the oxidation of glucose by intact cells was estimated as about 800 
(#1/mg dry weight, hr) at pH 5.8. 


Table 1. Relative activities on the oxidation of various saccharides. 
5x 10-2 M substrates, 0.1 M phosphate buffer (pH 6.5), at 30°. Total: 2 ml. 


Relative activity 


Substrate Intact Cell-free 
bacteria preparation 
d-Glucose 100 100 
d-Galactose 15 43 
d-Xylose 15 30 
d-Mannose 15 30 
Methyl-$-glucoside 15 0 
Methyl-«-glucoside 0 
1(+)-Rhamnose 0 — 
d(-)-Fructose — 0 
Fructose-1,6-diphosphate — 0 


Sucrose 0 


3) Both optical isomers of methylglucoside could be i 
: i : e in use by t i 
in the Biological Institute, Faculty of Science, Tokyo Univers ne Daa Krier iE 


4) We cannot exclude some ibiliti 
ihe Meh rivets possibilities of the presence of small amount of glucose in these 
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Michaelis Constant—The Michaelis 
constant of the glucose enzyme 
was found to be about 0.006 M/1 in 
the intact bacteria and 0.003 in the 
enzyme solution (Fig. 1). It is of 
the same order as that of the mold 
enzyme (13), 

Effect of Hydrogen Jons—As 
shown in Fig. 2, the optimum pH 
was shown to lie between 5 and 7 
in the intact cells and this optimum 


range is narrowed to the neutral ; : 2 
8 Fig. 1. Michaelis constant of the glucose 


side (pH 5.5—7.0) in the enzyme s ealpe e cell free extract, ——o—— 
% rs intact bacteria. 0.1 M h 251); 
solution, because of the precipita- at 30.4°. 1a phosphate buffer (pH 6.5) 


tion of the enzyme protein that 
probably set in below pH 5. 
Inhibition by Heavy Metal Re- 
agents—In every case of so-called 
hematin reagents inhibition of the 
glucose oxidation were of a_ re- 
markable extent (Table 2), while 
three known copper reagents, 8-hyd- 
roxyquinoline, diethyldithiocarba- 
mate and salicylaldoxim exhibited 
only slight inhibiting action in a 
concentration of 10-3M. It may be 
a noticeable fact that cyanide inhi- 
bited intact bacteria stronger than 


Os UPTAKE (p L)FOR 20 MINS 


the enzyme in solution. Carbon mon- 


oxide inhibition was of the same Fig. 2. pH-activity curves for the glucose 
order as those with other micro- and ghiogpate oxidaiion: 


—o—— dried bacteria, ——-&A—— fresh 
organisms, whereas the recovery by bacteria, —~L] cell-free extract, for glucose 
oxidation ; e 


: : dried bacteria, for gluconate 
light was provoked only in a small oxidation. 0.05M substrates, 0.1M_ phosphate 
buffer, in 4.0 ml, at 24°. 


extent, unlike the cases of most 
other organisms except some coli-type ones. 

Effect of Partial Pressure of Oxygen—Results are shown in Fig. 3. The depen- 
dency on the oxygen pressure is smaller in the enzyme solution than in intact 
cells. 

Significance of Cytochrome Spectra—Three components of cytochrome: the 
suspension of bacteria as well as the reddish brown solution shows a well-marked 
reduction band at 554 mu (a-band) and correspondingly another weaker. one at 520 
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Table 2. Inhibition of the glucose oxidation by cyanide, azide, and carbon monoxide. 
0.05 M glucose, 0.1 M phosphate buffer (pH 7.0). Total: 2 ml. 


Inhibition Ger cent ) 


i es Reaction 
Concentration of —— 
Inhibitor . inhibitor Intact Cell- free temperature 
pianalerie) bacteria preparation (degree) 
ae ED 1x10-4 98 70 
KCN 1x 10-5 80 30 30 
1x 10-6 45 8 
1x10-2 80 — 
NaN3 25 
1x 10-3 15 = 
in the 
95 % CO 76 40 
CO dark 
5 % O2 30 
in the 
== 30 
light 


—530 my (8-band). Moreoyer, it is likely 
to exist a faint band at about 560 my, 
which can be ascribed to component b. 
The two prominent bands can be regarded 
provisionally as that of component by. 
The bacterial cells show at least one 
more absorption band which was detected 
in the region of about 588 mu. This 
component can be considered to be a, or 
a related compound. The spectra can 
be considered to have some resemblance 
to that of Pseudomonas fluorescens re- 
ported by Wood and Schwerdt (6), except 


RELATIVE ACTIVITY (O,- UPTAKE) 


0 5 10 15 20 . ’ F , 
0, % for differences on the relative intensity 
Fig. 3. Effect of Og -pressure on the of the bands and the position of by-like 
‘glucose oxidation. r cell-free ext- 
ract, —— o—— intact bacteria. 0.05M glu- a-band (954 my). 
cose, 0.1M phosphate buffer (pH 7.0), in 
2.0ml, at 25°, 


No trace of absorption band could be observed at 550 mp (of the component c) 
in agreement with the fact that p-phenylenediamine, a specific substrate for cyto- 
chrome c oxidase, was by no means oxidized. 

Effect of pyridine and carbon monoxide: The position of the main band, 554 
my, did not change appreciably by an addition of pyridine. That is also known as 
a character of by of the halotolerant bacterium (8). When the suspension is brought 
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into contact with carbon monoxide in a Thunberg tube, the band at 588 mp is 
transferred to 593 mm» and simultaneously it becomes remarkably sharper than before. 


II. Some Experiments on the Glucose Metabolism 


Accumulation of Gluconate as a Product of Glucose Oxidation—Since Boutroux’s 
experiments (1896), Acetobacter has been known as a microorganism producing gluco- 
nic acid. Even in short time experiments of the glucose oxidation with our strain, 
the reaction of media declined distinctly to acid side. Moreover, it was likewise 
established that gluconic acid accumulated in Henneberg’s medium in shaking culture 
for 2 weeks and could be isolated as calcium salt with a high yield more than 70 
per cent, according to the procedure cited in the Bernhauer’s book (13). 

Decline and Recovery of Total Amount of Oxygen Uptake—The extent of the 
glucose oxidation diminished in the course of storing the bacterial suspension. It was 
found that the fresh washed bacteria absorbed oxygen more than one mole per mole 
of glucose added. The same large oxidation capacity was exhibited also by the 
addition of a small amount of succinate to the suspension of 3—4 days old whose 
total oxygen uptake dropped to a lower 
level by the storing, as shown in Fig. 4. ad 
On the other hand this propping effect of 
succinate disappeared when the bacterial 
suspension was stored further, and the 
O,-uptake stopped at a level between 
one mole and 0.5 mole per mole of 
glucose. With the enzyme solution the 
O,-uptake came to cease after con- 
suming 0.5 mole of oxygen per mole of 
glucose. This level of O2-uptake remains, 
then unchanged for a week or more in 
both suspensions of washed bacteria and 


0,” UPTAKE (ML ) 
Ly) 
ro) 
oO 


enzyme solution. 
Concerning the gluconate oxidation, 0 20 40 60 80 100 


the total O.-uptake was less than one TIME IN MINUTES 


mole per mole of gluconate, usually Fig. 4. Propping effect of succinate on 


corresponding to 0.5 mole less than that the glucose oxidation. 

1: glucose + succinate, 2: glucose, 3: succi- 
nate, -—----- 1—3. M/300 glucose, M/30 suc- 
tions were measured on the same pre- cinate, M/15 KH2POy-borax buffer (pH8.4), 
parations: The relative activity was only intact bacteria stored for 4 days, in 3. 0 mf, at 25°. 


10 per cent of the glucose oxidation. Any measurable amount of oxygen can scarcely 
be’ absorbed with 2-ketogluconate as substrate. , 

RQ: value of 0.3 was obtained in the initial stage of the glucose’ oxidation by 
a fresh suspension which consumed oxygen more than one mole. On the other hand 


of glucose oxidation, when both oxida- 
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in the gluconate oxidation by the same suspension RQ was enhanced gradually from 0.2 
(at the beginning) to about 0.5 as the reaction proceeded. 

Effect of Iodoacetate, Biarsenate, Sodium Fluoride and 2,4-Dinitrophenol—In Table 
3 are collected the results of the experiments. Except dinitrophenol which revealed 
a slight inhibitory effect in both initial oxidation velocity and total oxygen uptake, 
other reagents known as inhibitors of the processes related to phosphorylation or 
some coenzyme linked oxidation-reduction did not affect the O»-uptake. 


Table 3. Inhibition in the initial stage of the glucose and gluconate oxidation. 


0.005 M substrates, 0.1 M phosphate buffer, at 30°(1, 2), 
25°(3, 4, 5). Total: 3 ml. 


No. of Inhibitor Inhibition 
Substrate pH 


experiment (mole/1) (per cent) 


2, 4-Dinitrophenol 


uh Glucose (1/6 x 10-2) 40 5.9 
(QUA Se NOs 20 
Iodoacetate 
Z ” 0 6.7 
Cis *1052) 
Potassium biarsenate 
3 7] 0 6.7 
(lg 10-2) 
Sodium fluoride 
4 ” 0 5.4 
( x 107-2) 
2, 4-Dinitrophenol 
5 Gluconate 50 5.4 


(5 x 10-3) 


Reduction of Oxidation-Reduction Dyes—The extract as well as the bacterial 
Suspension can reduce some oxidation-reduction dyes with glucose as hydrogen 
donator, and cyanide exerted no inhibiting action on this reaction. 

Redox dyes tested as hydrogen acceptors were the followings, where the numbers 
in the parentheses express their normal potential (in volt) at pH 7.0: methylene 
blue (0.011), toluidine blue (0.011) gallocyanin (0.021), and cresyl blue (0.032). All 
of these could be reduced by the glucose dehydrogenase, but thionine (0.06) and 
toluylene blue (0.113) were not suitable dyes, probably because of their changeable 
agteiges Furthermore, it was found that 2,6-dichlorophenol indophenol is a very con- 
Tenient dye for the test, reduction of which proceeds with some thousand times as 
rapid as that of methylene blue. 12 hours’ long dialysis of the bacterial extract 


a = ANE a ice 
aPingt distilled water caused no diminishing of the enzyme activity, both in reduc- 
tion of dyes and in O:-uptake. 
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Table 4. Relative activities of dehydrogenases referred to lactic dehydrogenase. 


Methylene blue in the concentration of one part in 5 x 104 parts water, 
0.1 M phosphte buffer, at 30°. Total: 3 


ml. 


Concentration 


Reciprocal 
time ratio for the 


Substrate of the substrate pH decoloration of 
(x 10-2 mole) 
1/2 3/4 the whole 
Lactate 5 Oil 10 10 10* 
Glucose ” " 3 3 
Mannose " " 2 229 
Formate " 6.5 16 16 16 
Succinate Z 6.7 6 9 Pl 
n-Butanol 5 6°5 5 5 
Gluconate " ” Seo 125 eB 


The bacterial suspension used in each Thunberg tube had an activity of 260 


vl of Ozg-uptake per 10 minutes. 


*Time spent for the complete decolorization was 9 minutes. 


Table 5. Relative activities on the oxidation of carboxylic acids and alcohols. 


0.1 M phosphate buffer, intact bacteria, at 30°. Total: 2 ml. 
Concentration Relative 
Substrate of the substrate pH 
(x 10-2 mole) activity* 
Propanol 5 6.7 100* 
Ethanol " 5.8 100 
Lactate ” 6.7 100 
Formate " 5.8 90 
Butanol 10 " 85 
d-Mannitol 5 Gal 80 
Pyruvate Wed 30 
Malate 5.6 15 
Succinate ” 8. 4** 10 
Fumarate " 42 10 
Ethylene glycol ” 6.7 
:. Acetate " 5.6 5 


* The activity for glucose is taken as 100. 


*& KHoPO,-borax buffer. 
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In Table 4 are shown the lengths of time spent to reach a definite grade of 
decoloration with several substrates in values referred to that for lactate as 10. 

Other Substrates Utilized in Respiration—Relative amounts of oxygen uptake 
with various substrates are summarized in Table 5. Glycerol, ascorbic acid, fatty 
acids (butyric and propionic acids), di- and tricarboxylic acids (oxalic and citric acids) 
and p-phenylenediamine were not utilized by the bacteria. 

Lactate is highly available as substrate and pyruvate can be oxidized. also with 
a fairly large rate, comparing with other most common metabolites known as mem- 
bers of the tricarboxylic acid cycle. They were almost completely oxidized to CO, 
and H,O by the fresh bacteria within a short time under our experimental condition. 

In order to confirm the ability of alcoholic fermentation CO, production was 
examined in Einhorn tubes under the sterilized condition at 30°, but noticeable gas 


evolution from glucose or gluconate medium had never been observed. 


Discussion 


By an experiment of differential centrifugation of the cell-free water extract 
from dried bacteria it was found that the glucose oxidase activity remained almost 
completely in the supernatant by the centrifugation at 2,700 g, but an appreciable 
amount of the activity entered into the reddish sediment by a stronger centrifuga- 
tion, that is, at 5,000 and 17,000 g only 44 and 38 per cent of the total activity re- 
mained in the supernatant respectively. This suggests that the enzyme is associated 
with protoplasmic particles of various dimensions. 

From the results obtained, i. e. the strictly aerobic nature of the bacteria, the 
sensitivity to inhibitors of iron containing enzymes, and the reduction of the cyto- 
chrome by the addition of glucose in vacuum etc., we may conclude that the 
mechanism of action of our glucose enzyme should be different from that of enzymes 
which are already known since long years in molds and in mammalian liver (10, 11, 
12, 14). In other words, the bacterial enzyme seems to be linked to the terminal 
oxidase system or the cytochrome components in the organism. 

As to the action and the role of characteristic cytochrome in the glucose oxida- 
tion, followings would be stated. The lack of cytochrome c-band and of indophenol 
reaction indicated the absence of ordinary cytochrome system of the heart muscle 
type, although some kind of oxygen transporting system was proved to exist, as 
indicated by the remarkable inhibition of respiration by carbon monoxide as well as 
by the shifting of the a,-like band® jin its presence. 


5) Recently L. N. Castor and B. Chance (15) reported that some microorganisms, i. e. Aceto- 
bacter suboxydans and Micrococcus pyogenes var, albus, contain a protohemin-like oxygen-trans- 
ferring enzyme based on their obsarvation of difference spectra. The type of this enzyme was, 
however, reported as wholely different from that of Acetobacter pasteurianum which has cyto- 
chromes ay and ay. Our strain of A. suboxydans seems to be different from that of Pennsylvania 
because the cytochrome type of ours is very similar to that of A. pasteurianum. 
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It was detected that the present Acetobacter lacks the faculty to reduce nitrate, 
nitrite and hydroxylamine, or if it were, in only very slight degree®. Little ambi- 
guity exists to believe that the b, -like cytochrome has no direct relation to reduc- 
tases of nitrate, nitrite, etc. what might be often presumably suspected in other kinds 
of bacteria (16, 17). Namely, the cytochrome component can act merely as a suit- 
able mediator of the oxidation-reduction, having no direct relation to the nitrate or 
nitrite metabolism. 

Observations described in the latter part of this paper indicate that the essential 
reaction of the glucose utilization is no other than the oxidation of glucose itself. 
Further oxidation via gluconate and 2-ketogluconate, however, is never predominant 
in the present bacteria, because the promptly produced gluconate is accumulated and 
oxidized only with one-tenth rate as that of glucose. We can disregard the possi- 
bility of glycolytic process confidently, but have not yet any positive evidence to 
exclude the possibility of the route through the so-called “ hexose monophosphate 
shunt” or “ phosphogluconate pathway ”’. 

One may come to the conclusion that in our strain of Acetobacter main energy 
supplies are perhaps also attained by. phosphorylations, which should be linked to 
and coupled with some steps of further breakdown of gluconate. Following facts are 
worth to be mentioned in this point of view: 1. Complete oxidation of both lactate 
and pyruvate, suggesting that they may be produced possibly as intermediates in the 
course of the glucose oxidation”. 2. Propping effect of succinate, as a mediator in 
the further breakdown of glucose, indicating the possibility of participation of TCA- 
or otherwise more probably DCA-cycle in the further breakdown of gluconic acid. 


Summary 


1. Acetobacter suboxydans was cultured on Koji-juice agar containing yeast ex- 
tract. A reddish brown cell-free extract was obtained by grinding bacteria with 
quartz-sand. 

2. The specificity for respiratory substrates was studied. An enzyme system 
was. found which oxidized glucose under aerobic condition very intensely (Qo, =800). 
The Michaelis constant was 0.006 (M/1) in the intact bacteria (opt. pH 5—7) and 0.003 
(M/1) in the cell-free solution (opt. pH 5.5—7). 

3. Cyanide, NaN; and CO inhibited the activity of glucose oxidation strongly. 
The effect of partial pressure of oxygen upon .the rate of glucose oxidation was 


examined. 


6) The reduction of nitrate aud aitrite was determined by the known color reaction of nitrite 
with Griess-Ilosva reagent with the aid of a filter photometer and that of hydroxylamine in the 
same manner after convertion into nitrite by means of iodine. 

7) There are, however, some reports asserting that pyruvate is not an intermediate produced 
in the direct oxidation of glucose by some kinds of molds through 2-ketogluconate (18). 
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4. The reduced cytochrome spectrum consisted of three main absorption bands, 
namely at 588 mp (slightly), 554 my (strong), and 520—530 mp (weak). These are 
attributed to two components. The first one was transferred to 593.mp by the 
action of CO. The second component corresponding to 554 mp was reduced by the 
addition of glucose under the anaerobic condition. Those were extracted from the 
bacterial cell accompanied with the glucose enzyme. Neither the cytochrome band of 
component c, nor indophenol oxidase system could be detected. 

5. The production of gluconate from glucose was confirmed, but gluconate was 
oxidized only at one-tenth rate as that of glucose. In order to apprehend the path- 
way of the glucose breakdown, some experiments were undertaken. 

6. In anaerobic experiments 2,6-dichlorophenol indophenol was found to be a 
suitable hydrogen acceptor for the glucose oxidation. This anaerobic reaction was 
not inhibited by cyanide. On the other hand the bacteria lacks fermentation ability. 


This work was carried out under constant guidance of Mr. Akira Tsukamoto, 
lecturer of plant physiology, in 1952. Some results obtained since 1953 in Nagoya 
University were added by one of us (Yoshiie). We wish to express our thanks to 
Mr. Tsukamoto. Thanks are also due to Prof. Dr. Takeshi Mori for his some 
valuable suggestions and proper aid given during this study in Nagoya University. 
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Preliminary Note on the Stimulative Effect of Certain 
Specific Bacteria upon Fruit Body Formation in Psilocybe 
panaeoliformis Murrill* 


by Takashi URAYAMA ** 
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Received September 8, 1956 


In the course of the study on Psilocybe panaeoliformis Murrill, a small hymeno- 
mycete grown ona field manure pile, the author was confronted with the unexpected 
fact that fruit body formation seems to be stimulatively affected by a certain con- 
taminating bacterium, provisionally called ‘ Bacillus Psilocybe 1’. 

This stimulation even occurs in the C(sucrose)-N(peptone) ranges of cultural 
media unsuitable for fruit body formation’, namely in higher concentrations of 
peptone as against sucrose. 

The contamination first occurred during the dripping of autoclaved maize extract 
to the mycelial colony in the test tube, though the extract itself did not indicate 
any favorable effect. The bacterium was similar to Bacillus cixculans Jordan or B. 
cereus Frankland and Frankland. An aspect of the stimulating effect is shown in 
Fig. 1. 

The efficient range of temperature upon the stimulation of the bacterium almost 
coincides with the growth range of the fungus. It was 10°-35° C, the optimum being 
25°-35° C. Any fall in temperature seems to be unnecessary for the fructification 
of the fungus. 

Inoculation of the bacterium is effective at a distance about 2 cm or more from 
the fungus colony. The initiation is seen 5-7 days after inoculation, even without 
coming into contact with the bacterium. The induction becomes slower with the 
increase of peptone concentration in the medium. 

It was probable from these and other experiments that the stimulative effect 
of the bacterium is not due to such changes of media as C-N ratio or pH, but it 
is related to something produced by the bacterium. 


* Read at the 20th annual meeting of the Botanical Society of Japan on October, 1955, 
at Hiroshima. 

** Laboratory of Applied Botany, Faculty of Agriculture, Kyoto University, Kyoto. ##[{*as 
22 DAS oT eS 

1) The media have following composition: KH,PO4 0.25g, MgSO4-7H2O 0.25g, CaClg-6H20 0.25g, 
KCl 0.12 g, FeCl3 trace in 1000 cc dist. water with 20g agar and sucrose and peptone in various 
amounts. The chemicals used are “extra pure” or “for analysis” with the exception of peptone 
and agar. In the lower peptone concentrations (against sucrose) the fungus fructifies without 
the bacterium. 


‘ 
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Fig.1. The stimulative effect of ‘Bacillus Psilocybe 1’ (|) upon 
the fruit body formation of Psilocybe panaeoliformis Murrill grown on 1 % 
sucrose—0.1 % peptone agar medium at 30° C. 


Left: mycelial colony cultured for 11 days without bacterium (control). 


Right: mycelial colony with fruit body primordia in various stages, 6 
days after bacterial inoculation. 


Some manure-fungi as Coprinus macrorhizus Rea f. microsporus Hongo and 
Psilocybe sp. also responded to the bacterium in the same way. 

The effective principle was dialysable from a water solution of bacterial culture 
through cellophane membrane. It is ether-insoluble, heat-resistant up to 100° C, but 
not stable to weak acid or weak alkaline solutions and is divided into not less than 
four parts by one dimensional paper chromatography. The precise nature of these 
substances awaits further investigation. 

Nineteen known species of bacteria including Bacillus cereus var. mycoides, B. 
megatherium, B. subtilis, Agrobacter tumefaciens, Erwinia milletiae, Escherichia 
coli, Sarcina lutea and Staphylococcus aureus, as well as many of unknown bacteria 
picked out from the air, water and soils did not display this stimulative effect, 
except Bacillus Psilocybe 2 and 3 which were also effective. 

The writer wishes to record here his gratitude to Prof. Shun-ichiro Imamura 
and Dr. Minoru Hamada for their kind advice, and to Prof. Alexander H. Smith, 
Michigan Univ., U.S.A. for the identification of the fungus, and Prof. Motoki Yama- 
naka, Osaka Medical College for the bacterial survey. 
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Yukio DOIDA*: On the Pollen Grain Formation in Genus Polygonum. 
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Tem eet, #~— bid Ctapetal cell) o3% 
BUBB, HICIaMMIad 2—<~ FAM 
fd & DAB EICOV CH OEmRED Te SNCS 
CloSo XFBICHGZ MIE Linnaeus KO 
© Meisner 7.8) (ct 0, MAKIDI2ay x 
F (Polygonum savatieri Nakai) 2FAW7ER RE 
MA (PMC) OFBeACOA, PRO 
y X1c fast neutron #/EA RA, TERED SLR 
RECS. M Hedberg KO(REWOIEAB 
BL, FBT ODT N-FRAOCWSo 

BLAS & F BABE LEME AB 
ACR FROF vy ¥ y (Rumex) ft Biro — 
EBSER, Hid CDROTEBEI LA b ioe 
BH LEO GC, CORICO CRS LUGE CIER 
AUD E C OFZ BABE RE UX Do 

eisai Et S2(cCbR oO, ARC AREA 
BORE UCMORARBAS NEB, KU 
IGG ARS te 2 GS, WS eid ok GBA 
DNSERE POIC BR EEO Bea eH LET. 

BHROAE 

AFRICA Re BULA STKE, 
ANE, WH, RH ORM} CRESiKo 

AEST CHEE (S BD) BAS CBE Stic ofl, & 
4 TFB EE D Bt 4 ORTEF 0 Navashin 
i, Carnoy #%, Bouin #2UAR—alcohol ye 
He (AIRRIFIKVANE 12: 95% ethyl alcohol 
1A) Cale, Bik, paraffin WHE 10~15 py 
DOR elEo ko BRlMEt UC haematoxylin 
ick 5 kita, Feulgen cs, Lillie ROH 


Zufaye, pyronine-methyl green {Lye :% Hiv 


to Hi, —TERIER OTEWREEA SWIC, 
BEA OW £ OAGe HHL, BICMROH CE 
FreRIFERSHE 2 4 PO) ICME LL aceto-carmine 7 
CHE Lito. AIL KF CP. persicaria) =, =fB 
Hck, PREPS oo TEAR tO, Erdtman 
(2) ® acetolysis method #i8/3 LBZ Lic, 
KN bITRBAO RS, HY CHEE LC 3s 0 
SHAS, TEBRICAILRETENASAMS, 
CODER Lo 


2 g 


CQ) EMBRRIBRICOWT. 

RF RORNLT ATC AEE 4b, HEME 
(344 MINCE OWADNCW SD. SHE OR 
FZ (epidermis), A iis Cendothecium layer), 
HAfMulgef (transitional layer) kU x~— +b 
i@les Ctapetal layer, tapetum) G4, 

HEEL, BeAVEF OLR ADP ICDBHE LT 
PDN SDs, UOBLAHMT S MARIAN (Lao 
ie S FCREISAMb & BCE © BURIME 4 fev» (Fig. 1), 
CORD LRICHN YT, —fHOKHO adds Be 
PiMiQencHeaL, CAA TRIACS MG 
DRE SKMOKOLAAO MVE DO, (Lo FO 
fhOmMiae KBL 5 S CFig. 2). Natinalaosy 
{> GDOMIALH eB L, WAR AMATL 
7e¢ 3AM, BS, RY, AS, PANS 
LieS (Fig. 3), X<— b AMR CR ROA 
Weky MIAMI DOM SHS (Fig. Do 
RA — b MMOH OFGHe & FES ADAM IDF BATH 
0, FERRE NIISIC k  CHED ILS} EW 72H 
(Fig. 5), Stv> Ch MMNMIRMC kB CHES 


* 2 eRe Beye ess Biological Institute, Faculty of Science, Nagoya University, 


Nagoya, Japan. 
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Table 1. The species-names used in this study, and the number of pollen mother 
cells and pollen grains in a pollen sac of the genus Polygonum. 


Number of| Type of 
x pest Mature | Pollen- 
Japanese Name Latin Name Pollen grains- 
: PMCs Grains |Formation 
* * 4 x KX F| Polygonum nodosum Pers. 
4 x RB BA " blumei Meisn. 
a De R 77 " yokusaianum Makino 
VEO ee See A ” lapathifolium Linn. 
Pine 1S het) Ee SpA ” viscoferum Makino : 
tRF(AAIVHE RF) " hydropiper L. var. vulgare Meisn. 
eee ania A er 7] flaccidum Meisn. 2 8 Type 1 
2 29 if + 7] filiforme Thunb. 
Stet. SY) SA, ” senticosum Franch. et Savat. 
Ae ae " perfoliatum Linn. 
Fra NMA ering earn " hastato-sagittatum Makino 
et Va eee eh S ” sagittatum Linn. 
var. sieboldi Meisn. 
ay, CE ee " nipponense Makino 
3 Y: y 2%| Polygonum thunbergii Sieb. et Zucc. 
25 pe Ce EE ges ss thunbergii Sieb. et Zucc. 4 16 Type 2 
var. stoloniferum Makino 
yu NSF 477 RF| Polygonum japonicum Meisn. 
Ae i eG ta " orientale Linn. 
She, ich aa ee ee se " aviculare Linn. 
Sein) yes Meine " viviparum Linn. 
PON ITS) eal ” convolvulus Linn. 8 32 Type 3 
y 23| Fagopyrum esculentum Moench. 
(=Polygonum fagopyrum L.) 
PS) Oe rN ” tataricum Gaertn. 
ay ge et), we eS ” cymosum Meisn. 
Y wu F 2% & 3) Polygonum multiflorum Thunb. 
en FI Se Re Ts ” weyrichit Fr. Schm. 32 128 Type 4 
4 BR F | Polygonum cuspidatum Sieb. et Zucc. 
Prqe k IPO ” cuspidatum Sieb. et Zucc. 
var. compactum Bailey 64 256 Type 5 
Zap Im fi RES a) 1S RY " sachalinense Fr. Schm. 


Explanation of Figs. 1-10. 


The formation of pollen-grains in genus Polygonum. 
(Longitudinal section; Figs. 9b, 10b cross section.) 


1, Anther primordium. 2. Growth of the archesporial cell in hypodermal layer. 3. Archesporial 
cell is surrounded by the following layers; epidermis, endothecium and transitional layer. 4. 
Differentiation of the tapetum from transitional layer. 5. Formation of the tapetal cell layer. 
6a. 2 PMCs produced by the division of an archesporial cell. 6b. First mitotic division in tapetal 
cell. . 6c-d. The nuclei of PMCs are in the periphery of the cell and nuclei of tapetal cells are 
located in the innerside. 6e. The PMCs and tapetal cells separated each other, and the tapetal 
cells vacuolated. 6g. 2nd meiotic division. 6h. 8 pollen grains in a pollen-sac. 7a. Mitosis of 
archesporial cell; 4 PMCs are produced. They arrange in row, parallel to the longitudinal: axis 
of a pollen sac. 7b. 4 tetrads in a pollen sac. 7c. 16 pollen grains ina pollen sac: 8a. Last 
mitosis of archesporial cell. 8 PMCs arrange in row, parallel to the longitudinal axis in a pollen 
Sac. 8b. 8 tetrads. 8c. 32 pollen grains, 9a. Longitudinal section of anther. PMCs arrange 
irregularly. 9b. Cross section of anther. 9c. 128 pollens in a pollen sac. 10a. Longitudinal 
section of anther, 10b. Cross section of anther. 10c. 256 pollen grains in a pollen sac. 


February 1957 Bot. Mag. Tokyo, Vol. 70, No. 824 33 


Figs, 1-10c 
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KEI ABWL PMC xIMRTS GEik)o 

KOT AMND D TERRES FC OWI OV TIE 
P. nodosum #E LTE FICODN4S 

R— PMID OTEME, HII E REO 
RABIES L, £O¥ & 2 fio PMC 
LieS (Fig. 6a), COM *<— b AMALIE 
Wiese e ‘Bo PMC OREM DS 5 kr RO as 

14 UATHIC UA SRE AS — b PIO EK (Le 
DPB TS. COPBMILHADRC, HoT 
MEEK IRAN. UD Litt ib te 
WOE, FC OMA 2 YEA & > (Figs. 
6b-c), tris R~— b Mild OF ROS 4 iM 
CEES, MSRMREL SINE. 

PMC Opteas 147 IC PMC Odd 
OADQMICEH L, RIC MABE Sz 
A— b MIDE & MAIER TRL CHET SD EORE 
Cm woOWwH (Feulgen positive materials) 4 
PMCID FE TS KHICHS! Cig. 6d). LORE 
HizHEee LUC, KOH pyronine-methyl 
green RIRIOWN SS PRICE LV Ababa 
OD, HLERMNORWAHAOG, CS -CILHUE 
LIEW o RAITT S & FE LT RRR ONT 
Ro ¢ 4 Fig. 6e), —H2~— b MASK 
ICZREL, FRC PMC 2 64)8EL, BIER 
fd  FEIGE(LTAWS S (Figs. 6e-h), LO PMC 
O57 Real ROID OBS LIS STARE OC, 
TOD FUT IL ARIL TE V6 


CL) ZEEE ROR KID. 


AA — b KAPITAL es S MIA AMD 5> BY [ae 
(RHIC Ro CHES TWH, 
Gi) 176EERIc PMC 4:29 B4EUSHS 
#B1RO Type 1 CRANA*MACHKET, 
AMA INL ROSS NC — [BP L, ZOE 
2 fi PMC 2EU, 44% Dishes WORE 8 (hy 
DER ALA TZ SAILS (Figs.6a-h Type 1), 
Gi) 1%Rhic 4Bo PMC £4U5H8E 
P. thunbergit FACHS Clk POEMO BM ha 
FARMNOIS 2 (TAL, LORE 4 RD PMC Ai4z 
U, MORMATMIC—FICIS (Figs. 7a-b), 
A OWE BELO, Et 16 HOPE RIA 
$4 (Figs.7a-c Type 2), 
iii) 1 7EM RIC 8 BD PMC £4 US5H4, 
P. aviculare %, $132 Typ23 cmH Liifi 


An 32 42 2 A 


Clk, HORAN BIC 1 EMO RMOAMICTR 
L, 8 ffi PMC (2 Figs. 8a-b ICA S AAC 
DRT AIC—HFNCIEO, AFT 32 HOFER ET 
WES (Figs. 8a-c Type 3)o 
(iv) 1 7ERERIC 32 Bid PMC F42FSH%E 
P. multyfiorum % PMC (2piiko 3A t Bre 
, 7ERIER CRAM ORBAN & AB S TE 
Vio HCH Type 4 CR LAEBOL OX 128 
(OTE eAF (Figs. Ya-c Type 4), 
(v) 17EEEHIC 64 BID PMC Z49°3H%4_ 
P. cuspidatum (28IC4B< OFE WHR BRT 
Bo Al PMC << 64 fii, GE, CT 256 HOFER EL 
#45 C\rS (Figs. 10a-c Type 5), 
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TERRORS ATO OA < FRI Lo CHA 
Gh 423, Table 2 Xe Figs. 11-14 (C7 LGA 
<, DROTEBPE CIs Tit, TEBRORM RIA 
THEBRAENKo 

(a) P. flaccidum \243\. CER 6 T#ALO 
Abbr. Fig. 11 GAbNSIL, TONDO 
2fHIRBL<S ASV. CHULMAKTHOS oR 
ic PMC © 1 fi CMR DRL L, FORD 
1ff#® dyad 2IBManNRKDS’LBAbNSZS 

(b) P. nodosum C1 {ESE 7 HOZERRS 
D4LORAK. Fig. 12 PooOHIK2 Ho PMC 
O5BUC 1 PO tetrad & 1f§[ triad pweAS 
NREDSE PHNSA. FRO 3 HLEMO 4 Hc 
LELTARESE<, TOM, 1 HPC ASV., 

(c) P. thunbergii << Fig. 13 75S L5 te) 
{ER BBL 

(d) JARMIIMORMAM KDR S28, P. 
senticosum \Zts\.T Fig. 14 (CR AI, Wo 
Fel ce HAOAMICPRLEOR ERR, Yaz 
Y MAS 2BIECHSCLELO, 2 AalalevFar 
% PMC “Cie —3p OPP CHASE DHAE 
S40 

(e) Table 2 © P. nodosum OCA 
SEMME 4 ROIZOL Ol, HaRAMIoAw 
GC 2 fiD PMC RANA, BAe, ZO 
ES 1 fH PMC KeOKO, BSvwlr 2 HO 
PMC IR SNS MII 5S 1 HBC HWe 
3 ffiD PMC Krk oki 4 fistvie 12 fo 
TEBE CREBRSNS, 


‘February: 1957 Bot. Mag. Tokyo, Vol. 70, No. 824 35 


Explanation of Figs. 11-14: Abnormality of pollen grain formation. 
11. 6 pollen grains. 2 are larger than other ones (normal size). A failure of 
cytokinesis in meiosis of PMC may result in such abnormality (P. nodosum). 
12. 7 pollen grains in a pollen-sac. Three out of them are larger in size than others. 
; Pollen-sac of the right in this figure is normal (P. flaccidum). 13. Normal pollen 
grains and micro-pollen grains (P. thunbergit). 14, Abnormality of division-axis 


in an archesporical cell. 2 PMCs arrange in the right angle to long axis of anther 
CP. senticosum). 


Table 2. Variation of number of pollen-grains in a pollen ‘sac. 


Polygonum nodosum 


Number of Pollen 


Total | Mode 
A 5 6 7 8 9 10 GL) ae 
Number of Cases | 2 0 2 8 | 46 0 1 0 6°] | 65. 8 
Polygonum flaccidum 
Number of Pollen 
Total | Mode 
4 ay 6 7 8 9 10 11 12 
Number of Cases 33 0 2; 0 90 0 0 0 21 146 8 
Polygonum thunbergit 
Number of Pollen 
Total | Mode 
LW? 18} 14 15 16 17 18 20 24 
Number of Cases 9 1 0 il 52, 0 ieee) 2 85 16 
Polygonum aviculare 
Number of Pollen 
Total | Mode 
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Photograph of the pollen-sac of P. persicaria. 
4 pollen grains in’apollen-sac. 


(Albizzia glabrior Ohwi var. speciosa Koidzumi) 
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Résumé 


1. The number of «pollen grains per pollen sac, the ‘development of tapetum and 
archesporial cell were studied in some species of the genus Polygonum. 


2. One archesporial cell arises-from the hypodermal layer of the anther primor- 
dium. 


3. The anther in this genus has always four pollen sacs, and a pollensac is sur- 
rounded with the four layers; epidermis, endothecium, transitional layer and 
tapetum. 


4. The tapetum develops from the transitional layer. Nuclear division of the tape- 
tal cell is a mitosis without the cytokinesis, at least in the first division. 


5. Concerning the number of pollen grains, this genus can be classified into five 
types which contain 8, 16, 32, 128 and 256 pollen grains, respectively, in a pollen 
sac. Therefore, they have respectively 2, 4, 8, 32 and 64 pollen mother cells, and 
the pollen mother cells of the former three types are usually arranged in row 
in a pollen sac. 


6. It seems to be probable that in Polygonum persicaria a pollen sac contains only 
four pollen grains. 
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Yozo IWANAMI**: Physiological Researches of Pollen XI. Starch Grains 
and Sugars in Stigma and Pollen.* 
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i) Lilium longiflorum Thunb., L. auratum 
Lind]., Gladiolus gandavensis Van Houtt., 
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Fig. 1. L. longiflorum Thunb. DEEHBNAD GCA SARL 
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cont. LA LL G CH H CJ A 
Fig. 2. (EOE EEN CWO SHE 
LA—Lilium auratum Lindl., LL—Lilium longiflorum 
Thunb., G—Gladiolus .gandavensis Van Houtt., CH 
—Calyste gia hederacea Wall., H—AHibiscus mutabilis L., 
CJ—Camellia japonica L.,° A—Antirrhinum majus L. 
(f—fructose g—glucose s—sucrose m—maltose) 
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Fig. 3. 7EDRIAICE O75 REA OHOAIE 
* GG—Gladiolus gandavensis Van Houtt., LL-—Lijium’ longiflorum:Thunb., - 


HM—Aibiscus mutabilis L. 
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FOLOGERIC LRT HNC AA, BH Te STEM OMI Lo Cit, CALA D 
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NSADb BA LEBL, HRA CASAS L DE, CNOA SIME CHS. 
CAR bh, DRC UCHURE ULCER FARIS TI S Te BAT RIC ROT 
HffH11S 4D CHA 46 Do 

Summary 


1) The process of digestion of starch grains in the growing stigma of Lilium longi- 
florum Thunb. was observed and shown in Fig. 1. 

2) In the immature stigma of Lilium, Antirrhinum, Gladiolus and Hibiscus storage 
starch. grains were found abundantly, but with the progress of maturation the starch 
grains disappeared. - 

3) Sugars in the stigma of Lilium and some other flowers were investigated by 
means of paperchromatography. Sucrose, glucose and fructose were found to exist 
in the respective stigmas (Figs. 2, 3). 

4) By the addition of stigma juice of Lilium to the solution of soluble starch, 
maltose, glucose and some other sugars were regularly detected, while the color of 
iodine reaction of this solution turned into yellow brown from blue (Fig. 5). It may 
be said that tissues of stigma contain some amylase. 

5) The localization of amylase in stigma was histochemically investigated. The 
presence of amylase was demonstrated in all parts of the stigma tissue except vas- 
cular tissue, and the activity of the enzymes was found to be highest in the tip 
tissue and inductive tissue (Fig. 4). 

€) The tissues of mature stigma of Lilium have an activity to produce starch 
grains from Cori-ester. It may be said that there exists some phosphorylase in these 
tissues. 

7) In the mature pollen starch grains are deposited before germination when they 
are incubated on the sugar media, while germinating pollen which had been freed 
of starch grain was not found (Fig. 6). 
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Michiko HIDA*: The Comparative Study of Taxodiaceae from the Stand 
Point of the Development of the Cone Scale. 
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1. 27 ~~ * (Sciadopitys verticillata). (Fig. 1) 
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Fig. 1. Development of the cone scales of 
Sciadopitys verticillata. A: a flower scalex 8, 
B: a young cone scale x1.5, C: an adult 
cone scale x2. left: A and B, longitudinal 
section, C, side view, right: outside view, 
a: ovuliferous scale, b: bract, c: ovule. 
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3. Athrotaxis selaginoides (Fig. 2. D-F, Fig. 
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Fig. 2. Development of cone scales. A-C, 
Cunninghamia lanceolata. A: a flower scale 
x8, B: a young cone scale x5, C: an adult 
corn scale x3, left: side view, right: inside 
view. D-F, Athrotaxis selaginoides. D: a 
flower scale (side view) x15, E: a flower 
scale (inside view) x15, F: an adult cone 
scale, seeds removed (side view) x5, G: a 
flower seale of Taiwania cryptomerioides (in- 
side view) x10. a: ovuliferous scale, b: 
bract. c: ovule. 


BULTWOSBLMCM VICES TAME 2H. Ft 
Mic 3c aan, BCE GLAM O-2 (als 3 
{Alc tro CTHOELMBORERICEL, SMUD 3 fi 
(SBRMICBDN CARO LBA 6 HABBO 
<6 tls CHL HRBOMS t OR OFF EMA 
RELB2Zb6NSo 

RE IREBIC & VE ORDA LS BE 
L, RYR=ABBCH OO PBL SIZE 
AIH CV So BHONMCIAMOHE BO 
FE LEELAROR AA SoC, CAME RF RO 
So BFITMROGS 1D 90 BAR DBR LER 
FLiZHOAIT IAW TWD o 

BL OMA LOX Athrotaxis selaginoides 
ChB, (4D — EE. A. laxifolia Hook., A. cup- 
ressoides Don “C(t BIC BAAS LAB LE 
CIR HORM L D LATICES CHORE ES 
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(Florin, 1951), 

4. Taiwania cryptomerioides (Fig. 2. G) 
HETEIC IR CURR o eds, ERLE 

fet) lom OPA CHOHITO< . SRALRA 

CHIBESBLAMNIC 2 (HOF LO TH S28, 

4 OBR eR ho TW So COR 

AIRE OIPMICEOB 46 OLA SHAH 

40 tho CRHORMA IMG CHS 0 

5. Taxodium distichum (Fig.3.A-C, Fig.6.B) 
HETEIZA ROMER EL OO, BE H4mmMORG 

CRIT ERT IRIC HAS CIB <0 BRA ABC 


@ 


Fig. 3. Development of cone scales. 

. A-C, Taxodium distichum. A: a flower 

scale x13, B: a young cone scale 

x6, C: an adult cone scale x2, D-E, 

Glyptostrobus pensilis. D: a flower 

scale x30, E: an adult cone scale x6. 

left: side view, right: A and D, in- 

side view, B, C and E, outside view, 

a: ovuliferous scale, b: bract, c: 
ovule. 


HH Ro RSMMC O, PBA tro 
TWH, HEB LA FROPAICILSENDS 3B~4 
PAA GE RO/BA HS THILEE 
“CHHED RBA t bits CRBICHRIBEL, 76 
PICA ORBDS HD CORA EORMER LO 
WCHETS 0 flo CHVRE CIM bAZ 
ERIBORE OFAC HOA Ric OU 
TW So BICERAIAT S LARD & ie, 

FR AZAME LEON MINCE RIO 2 I ORET 


S70 & SS 824 = 


We 32 4F°2 A 


BRIS. ELCRHORMPARAC Lo tH 
» BINA RIS OAMAMIC HTS LEME BINT 
Me LCL CHRORE OME RE PICA FT SiR 
tLthbbnN4S, 

(i FO SHRIDTER ICIS AO ELOKWE < BEB 
L, BRAM < bOI OMMICK CO SBR 
Boe L cbIcE <  (PRLERCIBAHDEO 
kLoR<h4S. 

6. Glyptostrobus pensilis (Fig. 3. D-E, Fig. 6. C) 

ER7EIL Taxodium RIC RHIC SERIA 
Klis CHETZAS, DSLRKOB RA 5S 
FowWIT BE EB LB, SBA TRA Coon 
(RAD, FBIRGICR DA, TOPRMNICH 
WU? 2 (HORFRROD CWS) ROR BLP 
SAP LCWS2, RRORBCH EAI HE 
$So COMERS CHRDABTLA AIC 
Hate bilo BA LBICBEL MAR CLR L 
0 < te OF HIZEOFMINCA LE RL 
PaBtigig UC S. CORBRA LBA bis 
ZB IMEV BE G 20 HR OBBES CHE 
ORR BKLTW So 

{Bh FD FRO SEL RA LMR OWREL<— 
BLL, TERRICIRG A DB RAL << BELT SAS 
HERA DBBCONT CONOR RAHRe IU 
DRA GCLGAOLOL ORES. 

7. Sequoia sempervirens (Fig. 4. A-C. Fig. 6. E) 

VEILS RORRICM EN CHORITOS, Bu 
4 OCI A CREIMAL BL So RE 
SRK 4mm CHEER HR LC SRA LAB 
OL, SemltA < RAS oO PRBARURIBBLE Sic 
6~9 (HD WERDSEAFLSe KIC CELTS 
© ORE BBR AICS S Bp CAB PAB 
ESS ciPFChLEROADICHEL, AOR 
Fro semive LOVCELABICRHNSS. HH, Fi 
FiZ FRORABICEM L, SEHBILIA ERE 
LEDER OCB AI DAVBBL Ib, 40 Ew 
FNLTRAOMEBC, FBRPIREE CHO 
RIE LCS OMB LELOG, EO 
PRBICHIBD BH OSROTTWS, BIR 
Adee b, FRORKIRHICB Leto, 
KW BIZICBYE L, FRE O ¢ (FAICAB 
DIM HR < HDF LCWSZ. COBERR MDH 
ZSLBODM, RABGHOSALEFBIOR 
BVig . 
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Fig. 4. Developmemt of cone scales. 
A-C, Sequoia sempervirens. A: a flower 
scale x15, B: a young cone scale x7, 
C: an adult cone scale x5, left: A, 
longitudinal section, B and C side view, 
right: outside view, D: an adult cone 
scale of Sequoiadendron giganteum (out- 
side view) x2, E-F, Metasequoia glypto- 
stroboides. FE: a flower scale x8, left: 
longitudinal saction, middle: outside 
view, right: inside view. F: An adult 
cone scale x7, left: side view, right: 
outside view. a: ovuliferous scale, b: 
bract, c: ovule. 


& ORT FE BBE & IBC BROKRBEASZE 
HETE COS {EHND baie AHO 1 Bi LBA OF 
Mal S, AILMTKOS LICE SESCW SD, 
RA OREICN CAPGHOLO LARICL ¢ 
FLL, RA OFMICIET So 

PEER RPURTLE LAIST COSA, RHO 
ENXANOZEH EEC RIT RMD AIC SE 
A, DER CLEL < KAS RHOBLA< © 
8. Sequoiadendron giganteum (Fig. 4, D) 

RRL Sequoia LoGMICKE << RE 50 
mm OFAC, AERAIX Sequoia ¢AMRICE 
BELT So HHERUSR OM * DESAO MR 
(RB bivinds> AS, 3CHK (Florin, 1951) ck 
WX Sequoia £2 < AREAS c\ 
Do 
9. Ax (Cryptomeria japonica) (Fig. 5. A-C, 

Fig. 6. F) 
PRAEIL CAVA HERS SBA LO RV GRO BRIS 
Ben, 24mm CMRBE LCOS. BAR 
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Fig. 5. Developmet of cone 
scales of Cryptomeria japonica. A: 
a flower scale x10, left: side view, 
right: inside view, B: two stages 
of young cone scales x10, C: an 
adult cone scale x6, left: side 


view, right: outside view. a: ovu- 
liferous scale, b: bract, c. ovule. 


REA CEmltH < RAO, CORBA 
MINT IEYZ Life 2~5 RR OPPRDSOV TUS 
BEDE T ZA ICONTCH HAS BHO 
DOVER & Ole» DRA ASBER(LEDA, 
halal} 74 O CLR OB MILMIKEE D/P S 
LoS, PACH RM LBM EZ CHES 
40 LRLIOO#BE Taxodium BAR bDNAR 
eer & RA OSE Peas re < MEP BBE Che 
ie LESS Cle BEL CWS. MH OSEHHIT RI 
Khoth ATS like BATU PoNcwH 

Bo 

= DRE RH OFEICE o CERF 0 SERELT 
Wika RAOFRLMROLOL FICHE 
L, Bl D4 CSB OFEMBIT WD ¢ 6 

CREAR EF Cho CEM ST RARTF, BIC 
PRILELAICMIT TWH 
10. Metasequoia glyptostroboides (Fig. 4, E-F, 

Fig. 6. D) 

ERTEILASS CRED) “CIR 3 ARO SEH ¢ 
CFG Ci L, AS S (kN 7mm ORAS, 
IZ (EBSD Sd So MEFED BE (RY 20 Ar-Cihic 
WELTWS. COBSHLAFEOMOTAT 
DLOBSEARFILTCOSZDICMLC#EL<# 
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Fig. 6. Longitudinal sections of cone scales, 
A: Athrotaxis. left: a flower scale x15, right: 
an adult cone scale x8. B: A flower scale of 
Taxodium x25. C: A flower scale of Glyptostrobus 
x30. D: A flower scale of Metasequoia x30. 
E: Sequoia. left: a flower scal2, x25, right: a 
young cone scale x10, F: Cryptomeria x15, left: 
a flower scale, middle and right: two stages of 
young cone scales. a: ovuliferous scale, b: 
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bract, c: ovule, d: vascular bundle. 


ALCAChHS. SAAB ZABCA 
EB, COARNC 4~9 1D ITRATAFLE MS ~ TEIN 
mS CHE < o TT CAS LMR OAMMICKS 
TIRRDS 0, COAMIC RHO BRA AIRIS 
DAA CHo CABAAAIC UTC CHE & Bot 
MIZE) BELTS 4454 —-HOBRIILA 
MBLINC LC, MBEAMRORRLCAMBCHMS HO 
CHORBICEL CWS. COMP SBOE 
BIL CA RIO MIKO BAA LE BASAS 
tAEXS_. RRORK (2 Sequoia LAC < BG 
ChOBDbHELT, RHTRROBACHHo TC 
{BES & VFI ATTIC L, BUH ISSR ERS L 
ROE S PRRAEM LC SEM OIC AICHE 
DRIRBBORR INLD LOL BbNSZ, BRO 
BEICONT CNOBR HELE CLARE 
URI ¢ FRAGA Bh Z (Sterling, 1949), 
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PGIREU SEE © SMES RGN ei 2 EGE 
Peo LT FAIR A LTS. & 
HK DApiavy av FY CILFEICRO TIRE 
PEE OAMICH RDP SWB RASA 
HEL EE OPEL < BHOLEOHAS 
4oicB@LvRwDIK, BA CUAMDAM 
EG, BRIE OAMICDS BREE 
LUBA FR CORR BEIT 
Athrotaxis selaginoides jr 4 Abi. CO 
BAER Bay avy Loere<# 
UC SLAR BRICKS. ABO A. laxi- 
folia, A. cupressoides C(t ABIK LE ¢ 
Sse UC Taxodium (itv (iBeARUT 
WA. M, BARAGDPbSRSZLEIICAZS 
Taiwania DER4 2zVavFvytAvcY 
BASU BEL, RAABaAVavry 
DBAYD CREO LO LBASBA 
HisE Do 
iz Taxodium Ici Glyptostrobus -e 
ILE BSS EBITD 5 UCHR DORA 
PRM KARE Gh OM, BACOntc 
SAA LRA LR ESBS BELA 
FR LOW CHET APR, RHIDHK LI O, 
PLA IL 4 DFT 2 (BDNF LAF OBO 
LHR THA Sequoia CILBH OB 
lL BIC ULC EAICHRT SEM Cie < AAT 
AHL, RM, PRBICAV CIR POMBE 
LKRE \MACBSH LC < ZESK RARBG 
tit, Metasequoia, Sequoiadendron \Z\>T 
(Lt OFA MEY IB CHADS LMM KE DoK 
Os, CMEMUCUMEREESLOLRbNA, 
RAIL AY CHS, Caridad & 4 
LR), ZERITIZRA, BH ORBIT He 
2, SACs CRAVBRBELCLS. COM 
Taxodium SEMCWOAB, TOMRAEEHOR 
CMA IHRE Le E A GCiRRe <<, BEBE RE 
L, fa oHEE LCR LL, SEER BC HIS Spd 
TWSo Ho CRA CRASEHBBOBR LON 
LOEB HEL, AHORA DNB AS 
ABW 
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FORABEIK* ChZhb, MIEDREKU 
BH OBE TN OBBCES Bibb 2X Bie 
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PETE De OER ROW FH OLB ISIN T 
LHD LHR ORBMOWIS 
4D, 2VYv+2* (Sciadopitys) 
WETECISSEH, BAO RIL SKS 2 
DORIC PET OAFEEL, EER GIL 
AZADA ERMUEESLO, ay 
a7¥Y (Cunninghamia), Taiwania, 
Athrotaxis. 
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Se LER CLE DEA SP AUIC eS 
LTW440, Taxodium, Glypio- 
strobus. 

BHETE BOOS ERO MAIC ds T&A, 
4 OR BINH SD Cir <<, HEEOR 
FORMING C, BEAIC PA SER 
DEL < FE LER CLM LACE 
FOB BMO X 5 HIKBEICT£F SEDO 
Sequoia, Sequoiadendron, Metasequoia. 


Table 1. Grouping of Taxodiaceae represented by three criteria. 


Criteria 


Genera (Hida, 1952) 
1st. group 
short root 2 
Sciadopitys 
long root 2 
Cunninghamia 
Taiwania 
Athrotaxis 
2nd group 
Taxodium 
short root 2,3 
long root 3-8 
Glyptostrobus 
Sequoia 
Sequoiadendron 
Metasequoia 
3rd group 
short root 3 
Cryptomervia ! 


long root 


Number of the 


protoxylem in roots 


Form of tracheids 


(Hida, 1953) 


1st group _ Ist group 
length Cav.) 
Fig. 1 
1900-2400 p. 
bordered pit 
Tow 1-2 
arrrangement op>al| 2nd group 
Fig. 2 
2nd group 
length (av.) 3rd group 
2200-2500 p, Fig. 3 
bordered pit 
row 12 
arrangement op, al 
3rd group 4th group . 
length (av.) 
3700-4700 p. Fig. 4 
bordered pit 
TOW 1-3 
arrangement op 
4th group Sth group 
length (av.) 2800 p. 
Fig. 5 


bordered pit 
row 


1>2 


arrangement op >al 


of the cone scales 


Development 


i tn EM 


$e 5: MEEOBHILMHORCRH eKAMSF 
ZMILHSETRVODS, BRACE SEAS 
$5 eB CHE L, SOFAS S~7 
BLOWALD, ~*¥ (Cryptomeria). 
fi, ARNIS VEO OITA 
FOE>DOMRICMC RA, BORE: 
Hobo GC, AEG 2AV VT FITIEV. BM, E 
7X POHL Sequoia SOR 4 HITT S 4 
DERIK MCS. CHSORMLATRE 
ABEL & ORR Re eS 4D LHS. 
2. (OTPRAbARDH te OLE 
LEIDER E ORB GED SAK AYR HOD 
He Ail LONAKROR MAMA CIEL 1952) 
(GE OFREIA kS79H CAE, 1953) EEE 
BE Lt: OAS Hg (Table. 1.) G, CF \AROonNSA 
Ric, RORMARBARO GEE ORC L Oo 
WICH CBLBLE LR, 2¥v3=%, 27947 
#Y, Taiwania D> SRRICLAZDMCALAY 
VV EDLC, COMB IH2ACB ECW 
4. Athrotaxis DIMI C OBB WD, 
(IEEE DO IZREGIX Taxodium, Glyptostrobus & jal 
CHICAN SHS, COB IRC CLS 
2HLBS HOM CSA SHAR L—-RMTSAG 
DCHS,. M HMCLB2BRE ULC Taxodium, 
Glyptostrobus, Sequoia, Metasequoia, Sequoia- 
dendron AZ UCWOS2, (AFORE Lo 
CHICO NA2 OMEAID, Taxodium, Glypto- 
strobus D1#£& Sequoia, Metasequoia, Sequoia- 
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dendron DHABI bh, CHILZOEERBRD 
DALAT EL STILEDELDCHS. RROA 
ICO CIRICRV Th, (EF OWRICIN 
CMOLOLILHORICDG SNK, FEO 
BALL ~~ 4 ALMICBSO RL LCA OR 
DHA M, FIBRO CFI, 1955) ic%e 
ZEROED OA DReRAIROBAICRT 
Zee (BSI, 2247 RESRBA COM 
ii, 1956) Db AROMA G SINKS 

“ORIN OFHOBES CY Metasequoia(t 
Sequoia, Sequoiadendron &|rAl—#ic RL, © OD 
SHIM L LMcCoHoSRBeERLTCOS. CE 
#, 1954), | 

= FS) 

1. RRORAMEDSATAYEHS SHIT 
WABAHSES 

2. COSMIC LONKRORSADE 
RO (GEE OPED SARDHE EC -RtSE 
JEICRO MGIC L ADP RAI TS SRR 
tol<Hatso 

3. {UIOFAITHA C4 ~ Metasequoia (kx 
¥FELDIA Szquoia, Sequoiadendron & jA\—#£ix 
BTS. 


ZAOPZEIC BS Lite AR BB ehEbok 
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Summary 


This paper deals with a comparative study of the development of female cone 
scales in Taxodiaceae with special reference to the affinity of Metasequoia. 

The results can be summarized as follows: 

1. Taxodiaceae are divided into 5 groups according to the development of 


cone scales. 


Ist Group; Bract and ovuliferous scales of both the flower and the adult 


cone Can easily be distinguished each other at outward appearance. . 


ate abe 


.. Sciadopitys. 


2nd Group: ase scales are aisfideuishahte ha a ES scales in flower, 
but not in adult cone. There are found bract scales only, ovuliferous scales 


being undeveloped in adult cone. 


... Cunninghamia, Ae Tweet 
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3rd group: Bract scales are barely distinguishable from ovuliferous scales in 
flower, and the ovuliferous scales grow much larger than the bract ones 
later. The bract scales of the adult cone are fused to the ovuliferous scales. 
$27 COS OSES REE CCT RE EEE . LTaxodium, Glyptostrobus. 

4th Group: Bract and ovuliferous scales in either flower or adult cone cannot 
be distinguished each other. The ovuliferous scales grow remarkably after- 
ward. The scales of adult cone develop into labial form: the upperlip im- 
plies the ovuliferous scale, the underlip the complex of the ovuliferous scale 
and the bract. The tip of the bract is barely noticeable in the center of the 
Lipee.. cece cee eee eee eee essere ese SOQUOIA, Sequoiadendron, Metasequoia.’ 

5th Group: Flower scales consist of only bract scales, but after the fertilization 
ovulferous scales develop rapidly, become longer than the bract, and divide 
into 5-7 lobes at the apex... oc .ccss0.08seccee see ve ssseee Cryptomeria. 


2. This classification coincides with the result of the number of protoxylem in 
roots (Hida, 1952), the form of the trancheid (Hida, 1953), and also based on the 
structure of leaves (Hikita, 1955.) (refer to Table 1) 


3. In Taxodiaceae the affinity of Metasequoza is found nearly to be the same 
as that of Sequoia and Sequoiadendyon. 


end FR 


1) Florin, R., Acta Horti Bergiani, Band 15, No. 11 (1951). 2) ARSC, fem, CEE 
‘ym (1933). 3) SIRT, 20M AAARARAAAAE (1955). 4) HEESeRIT, sAME 62: 280- 
287 (1952). 5) , AEHE 66 : 239-244 (1953). 6) =KE, 22447, RipBWRoOe 
(1954). 7) Sterling, C., Amer. Jour. Bot. 36: 461-471 (1949). 
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Decrement of Photoperiodic Stimulus in Transmission 
in Pharbitis Nil 


_ by Shun-ichiro IMAMURA* and Atsushi TAKIMOTO*: 
SNB—EM + HAR: ECE LCOT YHA ARBOR 
Received August 29, 1956 


Introduction 


In many short day plants a certain—for a given species a definite—number of 
photoperiodic cycles consisting of relatively short light periods and relatively long 
dark periods should be given in consecutive order to cause flower initiation (3, 8). 
Even if the photoperiodic cycle is an adequate one, short days less than the number 
required have no morphogenetic influence upon the growing point. The effects of 
two short days, which are given separately by inserting one long day between 
them, do not add up. The stimulus received on the preceding short day is annulled 
or. dissipated on the succeeding long day. The disappearance of the stimulus may 
occur in every organ, stem, petiole and leaf blade. It is also conceivable that it 
may be a naturally occurring phenomenon and that the stimulus may be dissipated 
to some extent and decrease in intensity in transmission. In the experiments 
reported here it was endeavored to learn if the stimulus decreases on its passage 
through the stem. 


Material and Methods 


The principle of the method employed was based upon the following consider- 
ations. Should no decrease of stimulus occur on its way through the stem, a donor 
leaf subjected to a certain dark treatment would cause a similar flowering response 
in a receptor bud irrespective of its distance from the donor leaf. On the contrary, 
if this is not true, a difference in response would be detectable according to the 
distance between the donor leaf and the receptor bud. Flower initiation in the 
receptor bud on one branch of a two-branched plant induced by a donor leaf on 
the other branch, was compared with the response of a comparable bud induced 
by its subtending leaf. 

To secure reliable results, the sensitivity of the donor leaf and the reactability 
of the receptor bud of both experimental and control plants must be strictly com- 
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parable. Therefore in this experiment two-branched plants were used, since on the 
two cotyledonary branches of equal vigor the corresponding leaves and buds may 
be supposed to have the same physiological disposition. 

The material used was the Pharbitis Nil strain “ Violet”. Two-branched plants 
were obtained in the same way as in previous experiments (6). Both branches 
were topped above the second leaf. The second leaf on one branch served as donor 
and the second bud on the other as receptor; all other leaves and buds were 
removed. 

Three lots of such plants were used in the experiment (Group I). One lot 
received one short day consisting of a 16 hour dark and an 8 hour light period. 
The other two lots received 2 and 3 short days respectively. Nine other lots of 
similar plants were used as control. On the two branches the second bud and its 
subtending leaf were left intact, therefore each plant had 2 receptor buds. Three 
lots (Group II) were given one, two and three short days starting on the same day 
as the experiment with group I. Three further lots were subjected to short day 
treatment in the same manner starting on the next day (Group II]). A further 
day later the short day treatment of the last group (IV) was started. 

In the experimental group the stimulus may have been delayed one or more 
days in arriving to the receptor bud (6), and the bud may have varied in sensitivity 
during this time. In order to investigate the change in sensitivity, 3 control groups 
were employed in which short day treatment was started after the lapse of a 
varying number of days from the beginning of the experiment. From the com- 
parison of responses in these 3 control groups one could find the change in react- 
ability of the receptor bud after topping, under the assumption that the photoperiodic 
sensitivity of the donor leaf did not change. 

The time in which the stimulus reaches the receptor bud in an experimental 
plant, can be estimated by comparing the position indicating number of the first 
flower primordium on its receptor shoot with that of the control plants, as reported 
in a previous paper (6). The “position indicating number” of the first flower 


increases with the increasing delay of the arrival of the stimulus at the receptor 
bud. 


Results 


Experiment 1. Dark treatment was started on June 21, and observations were 
made on July 14, 1954. The results are summarized in Table 1. In all plants the 
average number of flower primordia initiated increased with increasing number of 
Short days given. In all control groups the same dark treatment had almost the 
same effect as revealed by the number of flower primordia initiated, indicating that 
no remarkable change in reactability of receptor buds took place during the experi- 
mental treatment. 


The response of the experimental group is in distinct contrast to. that of the 
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Table 1. Decrease of stimulus on the way of transmission in. the’stem. 


(Sown on May 7, transplanted on May 10, main’ axis removed’on May 24, experiment 
started on June 21 and observation on July 14, 1954) 


Length of |No. of No. of 4 
No. of | stem between /flowering Peteae cp Position indi-| Date of 
h donor leaf and receptors Pp oe cating number 
Group | ° de receptor bud of the lst start of 
days +(ength of No. of nnrade flower short day 
given ee in Secnabig Total Ber cece ptbt primordium thoaraent 
1, |.4%64+079.7).|0». 0fes..|-. 0 0 eh. 
I 2 | 46.4+(76.8) | 5/37 10 0.3+0.15 |, 1.8+0.37 ne 
45.3+(77.4) 12/37 24 On Tae OW 2; 80.16 
1 (68.5) 83/35 = -| 101 3.240. 37 1.6+0.07 
II* Zot ed G9,5) 34/34 160 4.740.38 | 1.840.112 | , June 
e (75.0). 33/33 218 6. 6-40.46 1,9+0.10 
1 C7aldy a! 29/31. | 98 3.240.35 .|-. 2:5+40.09 
II* 2 (70.2) 29/29 161 5. 240. 40 2.340.12 be 
(69.6) | 30/30 204 8.0+0. 27 2525-0. 1) 
(65.4) | 31/32.) | 112 3.5+0. 40 2.9+0.12 
We he 2 (67.5) 30/30 | 210 | 7.0+0.35 | 2,740.12. June 
S | (67.7) 29/29 235 Se leer 28 Ze 1:0: 16 


* At the start, each plant had two receptor buds. 


control groups. Plants, whose donor leaf and receptor bud were separated from 
each other by a stretch of the stem of ca. 4.6cm, did not respond to a single short 
day but initiated ower primordia when 2 or 3 short days were given, though in 
far lesser number than the control plants, in which the subtending leaf of the 
receptor bud was the donor. After having received 3 short days all control plants, 
but only about one third of the experimental plants, produced flower buds. From 
these results it can be concluded that the stimulus becomes markedly weaker on 
its way while passing through the stem. | 

In control groups the position indicating number of the first flower increases 
with increasing delay of the start of short day treatment, indicating that more 
basal buds are determined as vegetative according to the length of the interval fol- 
‘lowing the removal of the main axis. It is also noteworthy that within each 
control groups the position indicating number of the first flower is independent of 
the number of short days given. In the experimental group, however, the number 
increases with the number of short days given. Two short days induced the first 
flower on the 1.8th and three short days on the 2.8th node on the average. This 
may be due to the fact that owing to the decrease of the stimulus only a weak 
impulse reached the receptor buds in the plants which received two short days and 
flowering was induced only in the-most sensitive individuals, but when the plants 
received another short day, more stimulus was transmitted causing flower initiation 
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Table 2. Decrease of stimulus on the way of transmission in*the stem. 
(Sown on May 8, transplanted on May 11, main axis removed on May 19, 
experiment started on June 14 and observation on June 27, 1955) 
| Length of |No. of No. of No. of flower Position Pde 
No. of | stem between flowering receptors primordia indicating of 
nee donor leaf [receptors / woitti sunibeshot the 
Group , and receptor ri Varina! the;let 
days | bud+(length / No. of flower pet | 41 Average Aower ae 
. of petiole) in receptors ota per 4 Hedin - 
given P ne in?) Eider vad 10 receptors reais primordiu ps 
1 78, 6+(102. 9) 5/43 | 0 10 | 0:2+0.11) 2.4+0.22 : 
une 
I 2 77. 4+ (86.6) 9/39 0 20 | 0.5+0.16) 2.9+0.20 14 
74.04 (90.2) 34/37 0.8 238 | 6.440.69| 3.740.17 
1 ; (103.2) 5 34/34 2.9 298 | 8.7+0.29) 1.7+0.10 
une 
II 2 (84. 7) 38/38 6.6 235 | 8.8+0/33) 1.740.111 J 14 
5S) (91.5) 30/30 9.7 306 (10.5+0.38; 1.8+0.10 
1 (99. 5) 34/34 | 0.9 254 | 7.5+0.79| 2.5+0.10 
Ill (86.5) 39/39 | 72 340 | 8.740.21 2.540.09 Me 
3 (94.9) 37/37 9.3 380 |10.0+0.23) 2.9+40.09 
1 (100. 6) 27/27 | lak 191 | 7.1+40.46) 4.040.138 
Iv 2 (85. 1) 25/25 | 3.6 | 232 | 8.6+0.28 3,640.16 | June 
3 (95.9) 26/26 9.3 234 | 9.0+0.33) 3.9+0.13 


in less sensitive plants, and an increase of the position indicating number was the 
result. 

Experiment 2. The results of another similar experiment, started on May 19, 
1955, is shown in Table 2. The plants used in this experiment were very sensitive 
and many terminal flowers were produced. The reactability of the receptor buds 
showed no change during the treatment. The position indicating number in the 
experimental group corresponds approximately to that of the third group, indicating 
that the stimulus in the experimental plants reached to the receptor bud about one 
day later than in the second group. Comparing the flowering response of the experi- 
mental group with that of the control group, a distinct difference can be seen. In 
the number of flowering receptors, in the number of receptors with terminal flower 
and in the average number of flower per receptor, the control groups markedly 
exceed the experimental group, in which the stimulus had to travel a stretch of 


the stem of ca. 7.6cm. The results obtained are quite similar to those of Experi- 
ment 1. 


Discussion © 


The flowering response of many short day plants, when a branch or a leaf is 
subjected to short day, is remarkably weakened by the presence of branches or 
leaves exposed to non-inductive light condition. In soy bean short day treatment 
given to one branch can cause flower initiation on another branch of the same 
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plant exposed to non-inductive light period, only when the latter is deprived of its 
leaves (1). The short day stimulus received by a donor branch of Xanthium can 
be more readily transmitted to a leafless receptor branch than to a receptor with 
leaves on long day (4). Such behavior was observed in many plants. It may be 
ascribed to various circumstances. In the first place the non-inductive leaves per 
sé may counteract flower initiation. In Perilla nankinensis flowering occurs when 
the basal half of the leaf alone is exposed to short photoperiod. When the apical 
half of the leaf is exposed to short photoperiod the plant does not flower if the 
basal half is exposed to long day, but does if it is continuously maintained in dark- 
ness (2). In the second place the phenomenon may be ascribed to the generation 
of a solute stream from the non-inductive leaves opposed to the solute coming from 
the induced leaves. This explanation is very strongly supported by observations in 
Kalanchoe Blossfeldiana (5). The inhibitory effect is exerted exclusively by leaves 
located between the source of stimulus and the receiving bud, and the leaves on 
the same orthostichy with the donor leaf have a more pronounced effect than other 
leaves. 

In Kalanchoe not only the non-inductive leaves but also the leaves kept in con- 
tinuous darkness exert an inhibitory effect (10). Such leaves appear to act as 
sidetracks which intercept the solute stream carrying the floral stimulus, as Lang 
pointed out (7). This explanation seems very plausible, since in the present 
research the stimulus was found to become to some extent dissipated in normal 
transmission along the stem. 


Summary 


1) In two-branched plants flower initiation of the receptor bud on one branch 
induced by dark treatment given to the donor leaf on the other branch was com- 
pared with that of the axillary bud of the donor leaf. 

2) The response was markedly reduced, when the donor and the receptor were 
separated by a stretch of stem, indicating that the stimulus was dissipated in the 


stem during transmission. 


Literature 


1) Borthwick, H. A. and Parker, M.W., Bot. Gaz. 100: 374-387 (1938). 2) Cajlachjan, M.C., 
Compt. Rend. (Dok.) Acad. Sci. USSR. 47: 220 (1945) (cited after Naylor). 3) Hamner, K. 
C., Bot. Gaz. 101: 658-687 (1940). 4) ——— and Bonner, J., Bot. Gaz. 100: 388-431 (1938). 
5) Harder, R., Symposia Soc. Exptl. Biol. 2: 117-137 (1948). 6) Imamura, S. and Takimoto, 
A., Bot. Mag. Tokyo 68: 260-266 (1955). 7) Lang, A., Ann. Rev. Plant Physiol. 3: 265-306 
(1952). 8) Long, E. M., Bot. Gaz. 101: 168-188 (1940). 9) Naylor, A.W., Growth and 
Differenciation in Plants. 149-178 (1953). 10) van Senden, H., Bioe. Zentbl. 70: 537 (1951) 


(cited after Lang). 


Developmental Mechanics of Fucaceous Algae III. 
Differential Permeability in Fucus Eggs 


by Singo NAKAZAWA* 


HIRE: 7-7 ABH MORBEDM I. Fucus OMCs SKE 
Received August 30, 1956 


Embryo development of Fucus was observed by Thuret et Bornet®?, Oltmanns!, 
Nienburg!), and Inoh?. Its first stage, the polarity determination, has been studied 
by many experimental investigators with conclusions that the polarity can. be 
determined by unilateral illumination!™, polarized light®, temperature gradient*, 
direct current®’, pH gradient!®, centrifuging’, gradient of some diffusive substance!’, 
transformation of the egg shape”, and in some cases by the position of neighbour- 
ing eggs!®, This variety for the same determination reminds us of those various 
methods for artificial parthenogenesis, implying that there must be some fundamen- 
tal mechanism to which those different cases are attributed. Such a mechanism is 
still unknown. However, the writer’s preceding experiments on Coccophora and 
Sargassum, allied fucoids, reveal that a permeability gradient appears in accordance 
with the morphological polarity determination making various substances more 
permeable through the basal pole than through other part of the egg. This pheno- 
menon suggests that the polarity determination in those algae may be unified to 
that of an agent, because the determination is valid in so far as it may affect the 
establishment of the permeability gradient. The present investigation was designed 
to verify the existence of a gradient of permeability along the morphological 
polarity axis. 

At the end of May, 1956, the present writer made a visit to the Institute of 
Algological Research in Muroran, Hokkaido, and the present experiments were 
carried out there on eggs of Fucus evanescens collected at a nearby reef. Recepta- 
cles were cut off, washed, and then kept in glass vessels containing filtered sea- 
water. After a while, the eggs successively became detached and sank down to the 
bottom of the vessel. These eggs being hermaphrodite, had been previously fertil- 
ized in conceptacle. Taken up with pipette, the eggs were experimented at various 
stages of their development. Experiments were made in three ways: vital staining, 
rupture in distilled water, and cytolysis in toxic sea-water. For vital staining, nine 
dyes were separately dissolved at first in distilled water to a proportion of 0.1 per 
cent, then one or two drops of each stock solution were diluted into 10cc of filtered 
sea-water. The material was put into these Staining media on a hollow glass, and 
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the staining pattern was observed after 30 minutes or so. Toxic sea-water was 
prepared by adding a drop of nicotine sulphate to 30 cc of sea-water. The same 
method was applied in testing cytolysis as in the vital staining. 

1. Results of the vital staining experiment with brilliant green, Congo red, 
erythrosin, Janus green, methylene blue, neutral red, Nile blue, safranin, and toluidin 
blue are presented in Table 1. The staining begins on over all the surface uniformly 
before the morphological polarity is determined (Fig. la, b), while it begins selec- 
tively at the tip of the rhizoid protuberance as soon as the morphological polarity 
does appear (Fig. Ic). The staining spreads in time towards the apex till the whole 
stains uniformly. This phenomenon, the differential vital staining, was observed on 
seven out of nine dyes used. The fact seems to indicate that the morphological 
polarity is accompanied by a permeability gradient. This relationship was con- 
firmed on some abnormal eggs. That is, in biaxial eggs, forming two rhizoids, 
vital staining appeared in each protuberance (Fig. 1d). This is in accordance with 
those observed in Coccophora and Sargassum’, implying that the differential 
staining, since it spreads in time till the egg is uniformly coloured, is attributed 
not to a partial decolorization of the uniformly invaded dye but to the differential 
permeability. 

2: Cytolysis occurs when the egg is immersed in nicotine sulphate sea-water. 
The surface of the egg is blackened and destroyed in one or two minutes,. and the 
intracellular material extrudes out of the egg. This destruction occurs uniformly on 
over all the surface before the morphological polarity does appear (Fig. le-g), while 
it occurs selectively in the basal pole with determination of the morphological 
polarity. This phenomenon was also confirmed in biaxial eggs (Fig. lg-h). Observa- 
tions correspond with those on Coccophora eggs. 


Table 1. Vital staining of Fucus eggs. 


2-cell stage 
Before polarity After polarity 
Dyes 1-cell stage determination determination 
The one The other Apical Basal 
cell cell cell cell 
Brilliant green ++ ++ ++ = +e 
Congo red - - _ _ le 
Erythrosin = - _ _ _ 
Janus green =e, ae ale - ae 
Methylene blue = -—— _ — — 
Neutral red + + + = ++ 
Nile blue +h hie +} = a 
Safranin + + Se 3 4 
Toluidin blue ++ ++ ++ _ +h 
‘Control = == = — 5° 
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Fig. 1. Eggs of Fucus evanescens. a-d, vital staining (dotted) with brilliant 
green; e-h, cytolysis (dotted) with nicotine sulphate; i-k, rupture in distilled water, 
plasm extruded through the breakage is dotted. a,e,i, before cleavage; b,f,j, two- 
cell stage before morphological polarity appears; c,g,k, two-cell stage after mor- 
phological polarity was determined; d,h, biaxial eggs with two rhizoid protuberances. 


3. When eggs at various stages are immersed in distilled water, they swell in 
two minutes or so, the membrane ruptures by turgor pressure, and the protoplasm 
extrudes out of the cell through the breakage. Before the first cleavage, the 
rupture usually occurs at one point (Fig. 1i). It is uncertain whether this point is 
definite or indefinite, as the egg is of spherical form. At the two-cell stage, the 
rupture sometimes occurs in each cell before the morphological polarity does appear 
(Fig. 1j). However, after the egg is more or less transformed into an ovate form, 
the rupture breaks out almost invariable on the pointed side, that is, in the basal 
pole (Fig. 1k). As the development proceeds further, rupture does not take place. 
This change indicates that cellulose has been accumulated to a great extent in the 
cell-wall with the progressive development resisting the rupture. A similar instance 
is reported in Hormosira®’, an allied fucoid. . 

The above experiments indicate that while the permeability in the beginning is 
uniform over all the egg surface, it increases eccentrically with the morphological 
polarity determination on the pointed side where the rhizoid protuberance is to be 
formed. It is reported that generally the permeability for various dyes is highest 
in the part where the growth activity is at the highest degree in various marine 
algae. Considering these reports, it is probable that in Fucus eggs also the per- 
meability is highest in the basal pole. The polar rupture of the egg membrane in 
distilled water also implies the differential water permeability is highest in the 
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basal cell. Thus in Fucus eggs as well as in Coccophora and Sargassum the mor- 
phological polarity appears accompanied by a permeability gradient. 


Summary 


As a result of some experiments on. eggs of Fucus evanescens, the following 
was revealed. 

(1) Vital staining with various dyes and cytolytic pattern with nicotine sulphate 
appear uniformly over all the egg surface in the beginning of the development. 
But as soon as the morphological polarity is determined, these begin to appear par- 
tially in the basal pole, then spread towards the apex. 

(2) When the egg is immersed in distilled water, it swells and finally ruptures. 
The rupture occurs at one point before cleavage and in each cell at two-cell stage 
before the morphological polarity determination, while merely in the basal cell 
after the determination. 

(3) The facts above indicate the presence of a permeability gradient along 
the morphological polarity axis, highest in the basal, i.e. the rhizoid pole. 


The writer expresses his thanks to Dr. Y. Yamada, Dr. Y. Nakamura, Mr. K. 
Kasahara, and Miss Mutsumi Suzuki of the Institute of Algological Research, 
Muroran, Hokkaido, for their kind cooperation. The writer is also grateful to Dr. 
S. Inoh of the Okayama University for his valuable suggestions. 
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tiber den Einfluss von Auxin auf die Stoffpermeabilitat 
des Protoplasmas III. 


Die Wirkung von 2,4-Dinitrophenol auf die 
Harnstoffpermeabilitat der Avena-Koleoptile 


von Yoshio MASUDA* 
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Eingegangen am 27, September 1956 3 


In neuerer Zeit haben manche Forscher den Mechanismus der Auxin-Wirkung 
untersucht. Die Beziehung zwischen der Zellstreckung und dem Metabolismus, 
besonders der Respiration, ist erforscht worden (Bonner, 1933, 1936, 1948, 1949a u. 
b). Aber es gibt nur noch wenige protoplasmatologische Arbeiten iiber die Auxin- 
Wirkung. Zuerst hat der Verfasser gezeigt, dass das Auxin die Permeabilitat 
fiir Harnstoff, Glyzerin, u.s.w. beeinflusst (Masuda, 1953), und dass die Permea- 
bilitatserhbhung in den lebendig wachserden Zellen zu bemerken ist (Masuda, 1955 
a). 

Andererseits hat Bonner (1949a u. b) den Einfluss des 2,4-Dinitrophenols 
(DNP) auf die Respiration und die Streckung der Avena-Koleoptile genau unter- 
sucht und er hat auch bewiesen, dass 1-5 mg/l DNP die O2-Aufnahme erhoht, 10 
mg/l sie anhalt und alle beide die Streckung niederschlagen.. Daraus schloss er 
also, dass die Streckung zu der Phosphorylation in enger Beziehung steht. Der 
Zusamemenhang der Respiration und der Anderung des Kolloidzustandes von Proto- 
plasma ist jedoch unverstandlich geblieben. 

Hier wird die Wirkung von DNP auf die Harnstoffpermeabilitat dargestellt 
werden, und dann wird sie mit der des Auxins verglichen werden. 


Material und Methode 


Als Untersuchungsobjekt wurden die Innenepidermiszellen des wachsenden Teiles 
der etiolierten Koleoptilen von Avena sativa gewahlt. Das verwendete Material und 
die versuchte Methode sind gleich wie die friihere Untersuchungen (Masuda, 1955a 
u. b). Das Material wurde im feuchten Saigemehle in der Dunkelheit bei 25° C 
wachsen lassen. Die bis etwa 3cm lang gewachsenen Koleoptilen (etwa nach 
4 Tage) wurden zur Untersuchung benutzt. Ein 4 mm langes Zylinderstiick, das 
von der Spitze der etiolierten, etwa 30 mm langen Koleoptile 4-5 mm entfernt war, 
wurde abgeschnitten. Es wurde nach der etwa 3 Stunden langen Wasserung in die 
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Versuchslésung tiberfiihrt. Dann wurde von diesen Koleoptilenzylindern der Schnitt, 
welcher die Leitbiindel nicht enthielt, herausgeschnitten und ins Diosmotikum 
gebracht. 

Fir die Permeabilitétsbestimmung wurde die P’ nach der Deplasmolysezeit- 
Methode von Hofmeister (Pd’, 1948) verwendet, Pd’ von Hofmeister ist die 
Permeationskonstante P’, welche aus der Deplasmolysezeit gerechnet wird. Sie wird 


; 120 (C—O) M 60 (C—O) 
im folgenden nur als Formel ‘= b a = ——_—+ 

g n rm T (C40) angegeben, da P Caw T : 
c= oU, wo C=Konzentration des Plasmolytikums, c=Konzentration der einge- 


drungenen Substanz im Zellsaft, M=die pro Stunde aufgenommene Menge der per- 
meierenden Substanz in Mol. O=osmotischer Wert des Objektes, T=Deplasmoly- 
sezeit. Der osmotische Wert des Objektes wurde in folgender Weise gemessen: Die 
gleichartigen Epidermisstiicke wurden in die Saccharoselisungen der verschiedenen 
Konzentrationen: gebracht und dadurch wurde der O-Wert in der Konzentration 
bestimmt, in der die 50 %igen Zellenzahlen plasmolysiert waren. Dieser Wert wurde 
auch dadurch bestatigt, dass der in der 1M Saccharoselésung gezeigte Plasmoly- 
segrad in den O-Wert umgerechnet wurde. Die Deplasmolysezeit ist diejenige Zeit, 
in der 2/3 bis 3/4 der Querwadnde mit dem Protoplaste in Bertihrung sind (Hof- 
meister, 1948). 

Die Konzentration der Indolessigsdure (im folgenden IES abgekiirzt), die in diesen 
Versuchen verwendet wurde, war 10 mg/!, welche die Zellstreckung sowie die Per- 
meabilitaét fordert (Masuda 1953, 1955a u. b). DNP-Konzentrationen von 3 und 
10 mg/l wurden nach dem oben erwahnten Grunde verwendet. 

Der pH-Wert der Versuchslésung, welcher zur Wirkung des DNP optimus ist, 
wurde mit 0.01 M KH2PO, in 4.5 reguliert und die Lésung enthielt auch 2 %ige 
Saccharose (Bonner, 1949a; Masuda, 1955a). Als Diosmotikum wurde die 0.7 M 
Harnstoffdsung gewdhlt. IES, DNP und Harnstoff waren die reinsten Pradparate 
von Firma Merck, Katayama bzw. Muto. 


Versuchsergebnisse 


Der Plasmolyse-Deplasmolyseverlauf der Zelle, die nach 3 Stunden Wasserung 
in die Harnstoffésung gebracht wurde, wird gewohnlich in Abb. 1 gezeigt. 

Erst nach einigen Minuten (Ta) loste sich der Protoplast von beiden Querwande 
ab, und fortlaufend wird die Protoplastenlange allmahlich ktirzer infolge des Aus- 
gangs des Zellsaftwassers. Dann wird die Protoplastenlinge minimal (Tm), und 
danach wird der Protoplast immer langer infolge des Eindringens des gelésten 
Stoffes. Die ganze Zeit, die zu diesem Verlaufe nétig ist, ist die Deplasmolysezeit 
(T). Diese Deplasmolysezeit wird einerseits das Merkmal der Permeabilitat ftir 
den gelésten Stoff und andererseits werden auch Ta und Tm eine Art Ausdruck der 
Wasserpermeabilitat. Wahrend dieses Verlaufes verwandelt sich auch die Plasmo- 
lyseform von der konkaven in die. konvexe. 


2h 
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Ein Beispiel der Pd’-Mes- 
sungsergebnisse wird im Fol- 
genden gegeben: 23, 2, 1956. 
Ein Schnitt nach W&asserung 
von 2 Stunden mit Phosphat- 
pufferlosung in C=0.7 M Harn- 
stoff eingelegt; 1h 44’. Die 
Protoplasten plasmolysierten 
nach 5 min. (Ta), rundeten bis 
nach 9 min. (Tm) und deplas- 


molysierten. 
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10 20 min 

Abb. 1. Der Plasmolyse-Deplasmolyseverlauf. 

C=0.7 M Harnstoff. Der Schnitt wurde nach 3 Stunden Wasserung in 
i= die 0.7 M Harnstofflésung gebracht. pH 4.5, 25°C. 
O=0. 38 M Saccharose. Abszisse : Zeit in Minuten. Ordinate: Protoplasten- 


lange in Mikrometerskalenteilen. 


Deplasmolysezeit : T=24 min. 


Pd’ 


Abb. 2. zeit die Pd’-Werte aus allen 
Versuchen der Hauptreihe. 

Es ist dabei bemerkenswert, dass 
IES mit den Wirkungszeiten die Permea- 
bilitat fiir Harnstoff betrachtlich erhéht 
und umgekehrt 10 mg/I DNP sie hemmt. 
Nach der anfanglichen Erhéhung wird 
sie aber durch 3 mg/l DNP gehemmt. 
Wenn auch DNP zur JES hinzugefiigt 
wird, zeigt die Permeabilitat fast keinen 
Unterschied.. Man muss also beachten, 
dass das Mitvorhandensein von DNP in 
IES-Lésung die eigentliche IES-Wirkung 
vollig anhalt. 

Da das durch 10 mg/l DNP verur- 
sachte Permeabilitaétshemmnis auffallend 
ist, wird sein Einfluss auf die Plasmoly- 
severliufe klar gezeigt. 


_. 120(C—O) _ 120(0.70-—0.38) _ 38.40 _ 1.48 
ROO) on 2440.70 tee 25. 92 


Std 


Abb. 2. zeigt.die Pd’-Werte aus alien Ver- 
suchen der Hauptreihe. 


Die Deplasmolysezeiten werden um so langer, je linger die Vorbehandlung 


von DNP dauert, Ta und Tm auch 


in gleicher Weise. In diesem Falle wird 
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Abb. 3. Die Plasmolyse-Deplasmolyseverliufe der Zellen, die 10 mg/l DNP ver- 
schiedenen Zeiten lang gegeben wurde. Abszisse: Zeit in Minuten. 
Oridinate: Protoplastenlange in Mikrometerskalenteilen. Vorbehandlungszeiten; 
A: 30min, B: 60 min, C: 120 min, D: 180 min. 


Tabelle 1. Ta- und Tm-Werte. Wirkungszeiten, Ta und Tm in Minuten. 


Wirkungszeiten 
Behandlungen 

30 60 120 180 
Kontrolle Ta = 4—5 4— 5 4— 5 4— 5 
Tm = 9—10 9—10 9—10 9—10 
IES 4— 5 3— 4 3— 4 2— 3 
9—10 7— 8 6— 7 6— 7 
3mg/l1 DNP 4— 5 3— 4 3— 4 4— 5 
9—10 9—10 9—10 11—12 
2 slTRps 3— 4 8— 4 3— 4 4— 5 
7— 8 8— 9 9—10 11—12 
10 mg/l DNP 4— 5 8— 9 9—10 9—10 
11—12 16—17 19—20 — 
—— + IES 4— 5 8— 9 9—10 9—10 
11—12 15—16 17—18 20—21 


also die Wasserpermeabillitét sowie die Stoffpermeabilitat durch DNP gehemmt. 

Die Tabelle 1 zeigt Ta und Tm aus allen Versuchen. Diese Ergebnisse zeigen, 
dass die Harnstoffpermeabilitat mit der Wasserpermeabilitat allgemeinparallel ist, 
‘mit anderen Worten, die Wasserpermeabilitat auch die Wirkungen dieser Wirkstoffe 
beeinflusst wird. 

Im Faille von D in Abb. 3 wurden die Plasmaoberflachenzustande durch die lang- 
zeitige Wirkung von DNP betrachtlich verandert und die Plasmolyseform war 
unregelmassig. 

Eine andere auffallige Erscheinung in diesen Versuchen ist die Anderung der 
Plasmolyseform. Das ist dadurch klar, dass der Kolloidzustand des Protoplasmas 
durch die Wirkstoffe beeinflusst wird. Tabelle 2 zeigt die Plasmolyseformen und 
Plasmolysezeiten, die notig ist, um die konvexe Plasmolyse zu erreichen. 
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Tabelle 2. Plasmolyseformen und Plasmolysezeiten. Wirkungs- und Plasmolyse- 
zeiten in Minuten. 


Behandlungen Wirkungszeiten Plasmolyseformen Plasmolysezeiten 
ah aa 30 Be aR agaices konv. 9—10 
60 ” ” 
Kontrolle 120 iy " 
180 ” 7] 
krampf. —konv. 11—12 
0 7 " 11—12 
TES 120 ” 13—14 
180 " 13—14 
eset 30 konk. ~konv. 7— 8 
60 fast konv. fast 0 
3 mg/1 DNP 120 konv: 0 
180 ” ” 
30 konk. -konv. oe 8 
60 fast konv. fast 
ace 120 konv. 0 
180 ” ” 
30 konv 0 
60 ” ” 
10 mg/1 DNP 120 . 
180 —— tes 
30 fast konv. 0 
60 konv. 7] 
— + IES 120 = u 


Im Falle der Kontrolle veréndert sich die Plasmolyseform von konkav zu konvex. 
Bei der Zufiigung von IES erscheint anfangs die Krampfform und gewoéhnlich von der 
konkaven in die konvexe Form. Wenn das DNP von 3 oder 10 mg/l mit oder ohne 
IES gegeben wird, die Plasmolyseform von Anfang an konvex. Diese Erscheinungen 
zeigen, dass IES die Adhdsion zwischen dem Protoplasma und der Zellwand oder 
der Viskositat des Plasmas erhéht und dass DNP sie erniedrigt. Die Untersuchungen 
tiber die Plasmolyseform oder -zeit sind in Bezug auf die physikalisch-chemischen 
Eigenschaften des Protoplasmas, besonders Viskositat, langjahrig gemacht worden 
(Heilbrunn, 1928; Weber, 1925, 1929; Cholodny u. Sankewitsch, 1934; Schaefer, 1955). 
Namentlich hat Schaefer (1955) nach der Quantitativierung der Plasmolyseform- 
methode die Plasmaviskositiét untersucht und er hat gezeigt, dass die Plasmolysezeit 
eher die Adhasion als die Viskositaét bezeigt. Jedenfalls ist es gewiss, dass die 
Kolloidzustande des Protoplasmas durch IES oder DNP betrdchtlich beeinflusst 
werden. 

Aber wenn 10 mg/l DNP 3 Stunden lang gegeben wird, nimmt die Plasmolyse- 
form einen besonderen Charakter an. In diesem Falle kann man sich denken, dass 


10 mg/l DNP die Oberflachenspannung des Protoplasmas erhoht oder die Sone 
der Plasmaoberflache erregen lasst. 
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Besprechung der Ergebnisse 


Aus den oben erwahnten Ergebnissen stellt sich heraus, dass IES die Wasser- 
und Stoffpermeabilitat und die Viskositit oder Adhidsion des Protoplasmas erhoht, 
und dagegen DNP den Konzentrationen gemiss auf die Permeabilitat anders beein- 
flusst, aber die Viskositat oder Adhdsion einheitlich erniedrigt. Dass die Permea- 
bilitat fir geloste Stoffe durch IES beeinflusst wird und dabei diese Wirkung des 
Auxins durch die Hinzufiigung einer gewissen Menge Zucker verstirkt wird (Masu- 
da, 1953, 1955 a; Busse u. Kandler, 1956), ist darauf zuritickzufiithren, dass die 
Anderung der Permeabilitait an dem Zellmetabolismus beteiligt ist. 

Der Zusammenhang zwiscnen der Zellstreckung und der Respiration ist wohl- 
bekannt. Nach Bonner (1949a u. b, 1952) ist es klar gemacht, dass 1-5 mg/l DNP 
die O>-Aufnahme der Avena-Koleoptile zunimmt, aber 10 mg/l DNP sie fast ginzlich 
niederhalt und alle beide ihre Streckung anhalten. Er zeigt auch, dass die O,- 
Aufnahme durch IES erhéht wird, 10mg/l DNP aber diesen IES-Effekt hemmt. 

Aus diesen Verhaltnissen schloss er, dass der Einfluss der IES auf die Respira- 
tion durch den Teil des Systems hindurch ausgefiithrt wird, welcher durch DNP 
entkuppelt wird. Aus diesen Tatsachen ist es zweifelhaft, ob es einen direkten 
Zusammenhang zwischen der Respiration und der Streckung gibt. Zum _ Beispiel 
zeigen Busse und Kandler (1956), dass die durch IES entstandene Respirationserhé- 
hung mehr verspatet als die Streckungszunahme der Koleoptile kommt. Sie haben 
also gezeigt, dass die letzter vielleicht die Ursache der ersteren ist. Aber sie haben 
noch nicht die Untersuchungen iiber die Wirkung yon IES auf die Plasmazustande 
angestellt. 

Es ist bereits bekannt, dass die IES-Wirkung auf die Stoffpermeabilitat durch 
die Lipoidlislichkeit oder Molekiilgrésse permeierender Stoffe reguliert wird (Masu- 
da, 1955b), und man kann sich also vermuten, dass IES die physikalisch-chemischen 
Eigenschaften des Plasmas verdndert und diese Anderung der Plasmazustande die 
Permeabilitatsanderung veranlasst. Es ist ein wesentlicher Punkt, dass IES sowie 
DNP den Kolloidzustand des Protoplasmas betrachtlich andert. Die Erscheinung, 
dass DNP die Viskositat des Plamas erniedrigt, wurde schon nach Kamiya et al. 
(1954) gezeigt. Weiter ist es nach Masuda und Takada (1956) bewiesen worden, 
dass die Adhision zwischen dem Plasma und der Zellwand durch Auxin erhoht und 
durch Antiauxin oder DNP erniedrigt wird. Jedenfalls ist es selbstverstandlich, dass 
die physikalisch-chemischen Eigenschaften des Plasmas mit dem Zellmetabolismus, 
folglich mit der Streckung, in enger Beziehung zueinander stehen. 


Hier sei es dem Verfasser gestattet, seinem verehrten Lehrer, Herrn Prof. Dr. 
Joji Ashida, Universitat Kyoto, fiir seine Anregung und standige Anleitung den besten 
Dank auszusprechen. Ebenso dankt er Herrn Prof. Dr. Hideo Takada, Osaka Stadt- 
Universitat, fiir seine wertvolle Unterstiitzung bei der Arbeit. 
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Zusammenfassung 


1. 2,4-Dinitrophenol, das der unkuppelnde Stoff:der oxidativen Phosphorylation 
ist, beeinflusst die Harnstoffpermeabilitaét der Innenepidermiszellen der etiolierten 
Avena-Koleoptile. 

2. 3 mg/l DNP erhéht anfangs die Permeabilitaét und dann erniedrigt sie mit 
den Wirkungszeiten. 10 mg/l DNP hemmt sie von Anfang an ganzlich. Jedoch 
erniedtigen beide die Viskositat oder Adhasion des Protoplasmas. 

3. DNP halt die Wirkung von IES an, welche die Harnstoffpermeabilitat sowie 
Viskositat oder Adhasion erhoht. 
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PR-BENCIIEMICRUOGRAS 0, Cho 
DEEN OOF TE < (LSU OH. 
Molisch (@=-, WFC (Ly ABER, AYE RASe TE 
oh, RRC LO fPhIN1, SPMIC BE ¢ OSES 
EMM CHOEA, TAMIL CIITA, BYE 
WRHE2: Melosiva varians Ag. AGA POV 
RR 4 YR (40°C, pH 5.2) ic Mastigocladus 
laminosus, Calothrix parietina D#eP%RICIBE 
LCBHEtTSZ2L, Melosira sp. AEs F IIR 
SLOW (34.5°C, pH 6.2) ICPEFZOLR 
FULTS OA CHILE ¢ AADARE CS 0 AK 
=O fala BeiztigM 30 FLA6ALO8HA 
SOPRA, AYA, IB, Bos, UN, Bose 
Dime 2 pate LC 54 ROA 0 OMB Ra 
CHEL CPS eo kKOCHEe Toke, TOR 
Eee ISIC LH LR Olt AYR, HERO 
BRO GA is PAIR C db 3 Ko 

PREMAERHELCKS 0, TREMOR 
LOPS 5h REECE < RGR LET 
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1. FURR RBORBR (St. D 

BORICHAVRCAL TCE C mM BICA 
SUWCWSAC OPKICY 2 VRABEL, © 
HET 1 BAY LIBU Cloke. FC OHMO Akin 43 
°C, pH 7.6, S364 AY 0.988g/1 GC, 7 4 HEBHYEIL 
Pninularia Kneuckeri—Navicula cryptocephaloi- 
des BEECH oko COMROKAIAKDMS 
NtWoRWwWL 5 Chom, BAOMACLMR1 
AY DASE EN COS RDO OV CHM LF 


oA RE, MELE LIEU) oF 
Gomphonema parvulum var. micropus, Navicula 
cryptocephala, N.c. var. veneta, N. crypto- 
cephaloides, Nitzschia frustulum var. perpusilia 
D5 FEAST UF TE Cb 5 to TI AVEER OLD 
VOL NGIC FT hI CWE A CHSO 
2. ATER 7G A BSR BUR (St. IL) 

AMIR (LSS SERIE L, AA eR eat 
ERAT OT OWEN FS GH 181 BEY OLE 
ROLES Kiko tiSo 

San Ha SS > ~KCl 0.467, NaCl 0.9259, 
NazSO4 0.1488, CaSO, 0.1782, Ca(HCO3)2 
0. 0233, Mg(HCO3)2 0.0217, Als(SOq4)3 0. 0008, 
H3BO03 0.006, HeSiO3 0.19€9, CO 0.001, 

AMIR Clk 43 S58 & ACG FEB EH GUR 2 od 
BLED, RH OTB ROMA STH ie 
LOWED 74 HERES Pinnularia Kneuckeri 
BA Cho kot OFM OBE AS rita 12.4°C, 
pH 7.8, RpH 8.0, tase4 avy 0.529¢/l GA 
TRUCE } FeREC SRA AY ekBAL TS 
Ds, COBAGHH SH 13 FiO Mitzschia 
obiusa var. scalpelliformis f. nipponica DAAs 
Hi UF UE ho Keo 

3. Basin PR 

Didi iol RAE Os, AIL, PRED 3 RIC a 
HCKOWOFHE MELE, 71 ROM bh 
BILD DISPPAMROL Ch 5 Ko PRAM (LIF 
BOA RICBHtT4O CHR S 0, 
HOME L TOTAL © RO BG OB 
AL OHSS LO® 2 AT RORWFEGUR Cd 
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oitai, FERRERO RMIT 4 BABL 
<A bn COMROKADMEL ER THN T 
WHEW 5 ChE, GHOME Clie AY 
DE ARILZEMIZDd2 Ko 
i) WARPOPER (St. II, IV) 
BROW L OSE UCUSA4IA St 
Crit AK 37.4°C KU 36.8°C, pH 7.2, 
JGSh 4 avy 0.071 g/l €2TOHH EL 4 Achnan- 
thes exigua #EYEC 24 BOT AHA RM LK 
ii) WRPOYR (St. V, VD 
i) LMRICHRORE LOBHNtS LOCH 
ZABH BILE ICDA 5ko BAIINETSA 
KOT 4 BEPEHE L KTHO EEO BE RIE LEAS, 
BUlk Melosira varians #2, 4x Cymbella 
ventricosa PEEGCVYT NA A HEIL ¢ 
Ear CG 66 MER Stk, COMOX 24.0 


/O 


A, C: Navicula decussis 


vaucheriae f. kamtschatica 
I: Achhanthes brevipes J: 
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°C, pH 7.5, RpH 7. 3, B#4 ry 0.053 2/1 SG 
2 > To 
iii) RUGS Bik (St. VII, VII) 

RUGEN DG BP OWMKICA DIVO F 
Y BOER MOUSE O 7 4 HRB & aE LA 
LOA, Wisk Achnanthes exigua Ps, Bt 
Achnanthes exigua—Pinnularia Kneuckeri BEE 
CCOPR CL 37 BAL TIL BES BEL 
Teo fa & DFAT OkYRld 40. 0°C RU 30.0°C, pH 
7.3, RpH 7.3, aK 4 + v 0.030g/1 Ch oko HK 
BOE OPILITIBH TF St 7 4 RAE OME 
Teo ELE: (1955) ASS CIC Fa CWO SAS, 
DPRAIMIR DT 4 GRRE 4 JEM (CAE HE CATA 
® 4 D\c= Achnanthes lanceolata, Navicula crypto- 
cephala var. veneta, Nitzschia linearis, t-YiitE 
D4D\c Cymbella ventricosa, Gomphonema 


B: WNitzschia frustulum var. perpusilla 
D, F: Gomphonema tetrastigmata 


E: Ceratoneis arcus var. 


G, H: Pinnularia kneucheri 


Pinnularia interrupta’ K: Navicula 
graciloides L, M: Navicula oppugnata 


OQ: Navicula mutica £. undulata 


N: Achnanthes inflata 
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parvulum, G. p. var. micropus, N. menisculus, 
NV. viridula, Nitzschia dissipata 23%), FLIE7K 
VED 4 DOC Neidium affine, N. iridis f. vernalis, 
Surirella biseriata var. bifrons, S. elegans, S. 
robusta, iF ILAKPED AL OIC Cyclotella comta, 
Gyrosigma Kitzingii 233 5 fz AUER CIS 
AVYVUILRVBASNCWOROD, HTL LO 
le Achnanthes brevipes, A. b. var. intermedia, 
Gyrosigma Spencerii, Navicula cryptocephala, 
N.¢.var. veneta, N. cryptocephaloides, Nitzschia 
Srustulum var. perpusilla, N. obtusa var. scal- 
pellijormis £. nipponica, Surirella ovalis 23% 


2Ro 


Il. SEBT4RICOWT 


1. Achnanthes exigua Grunow 

DPEARIC L < SLM S114 HEC LUE LUSH E 
Wasa: N. Foged (Xit7klOo CHEM E 
LOWS. HAIN LC&LREMCEHS (Boye- 
Petersen 1943, Foged 1948,1954), S[E/PSETR 
52 i BRU. iii (Cl/=0.071, 0.030 g/1, 7kY 37. 4, 
36.8, 40.0°C) DH BERD Ch oho ANG 
(LEAT OVW REO + EAT OU Calg S 
Cis), RemeiMmlk 47°C CHS_ 

2. Cymbell ventricosa Kitz. 

FPF O TRICE <¢ SLE S41 S CRIT ACIS 
&< N. Foged (SUF Hii & UC ts UTICA L 
CltANSEME (Kolbe 1927, Boye-Petersen 1943, 
Foged 1948, 1954) t¢&3ncis 9, SEPA 
Se ii (Cl’=0.053, 7kiit 24. 0°C) OBEVES BENG 
MALCLCRHSNKLOS, BICAMICROCS 
Ta MOT DAO ARCR~ FAT CSL Stu 
CWS 
, 3. Melosira varians C. A. Ag. 

18 % eR RIC TIT IS 7A BEC HSB, 
FEI GERIT (LBV ESE, LIELITAKOBRU 
RP LWREAA bh, AIC CM+ ETO 
Ta CHASM OKAR CHER SH, PERC 
4A, AM RAOSRCRHL TIS 

4. Navicula cryptocephaloides Hustedt 

APRIL PMU PGB Y ve VON Y ev CREE 
HELO Hustedt Ao t -CacwkL RL 
CHERESIC «ON. cryptocephala Kiitz.. (CHUL TC 
WBS, MMEBLIAC MARA L O59 BAKE 
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TOE E, PARORIBAKS A CKBtTS 
CeEMHKS, HARE N. cryptocephala \z 
LW CHT RE te ARMICBV L5G, AICI 
WCAC oD, SSR, ALR 
RCbRHLK AKOMBRICltait OK <> 
ALTS4LDLBZ BNG. 
5. Pinnularia Kneuckeri Hustedt 

AMRIL= YF RO Sinai HFOMRICOWT, 
Hustedt 4: 1949 iC ORE UCR LMC 
AWABICILIR < 975 LAP CIM L 5 CHA, FE 
HAT GLH Le 7c PRIL 7 4 BOWS § BAD 
ISAT EL Cis<, AABHCHS— 


HAT NZBICOWT 
1. Achnanthes crenulata Grunow 

BUT DT RUA ARF ITIP STA 
be CASS Clk Beal DU GC EEO + A TER 
(1955) RON F1956)IC £5 CMH Sh, BE 
DBAw MOLE LO RM LRT 4 th Achnan- 
thes repanda ¢ UC#H URE (Met bok 
A Asse O ica3t Lovie ¢ IESRIC SER STR EAC 
(k7eVods) (k Achnanthes crenulata DY 7=4 
Clod CHIN + eGR (1955) (HE CLS 
nL ORBRARBICES & FEL ORE, 
Fee AB Gt ADO FALL EG & Be, 
H&S O CAPE A AIC AIR OK < RL 
THEO CLE DEB 5NGO 

Hustedt (1938) (KA#HIk pH5.5 kb 8.5 #G 
CAH Si423, pH 7.7~8.1 OF nw Y RIT 
BHT S ELI 9, SHOR pH (x 7.2, 
(eek VS) (eee 

2. Cymbella sumatorensis Hustedt 

Hustedt (19388) gi~+ bh S CRH LR CH 
MSIL AST bhF CH BIVTCWOZOLOL5 CHE 
Os, fale (1954) (EMOTO, AY FIR, JI 
bJI, YERUI CHE LASSE 4 PA RC 
LEAS, AMOMAKIK kaise DIK < DAL CW 
ZAOC LMA 4 m. Hustedt (LibAw, Bie 
PHOBIC bh, RAO DIN} Aish 
D pH (k 5.5~8. 6 CHIC Hh bIVS Olk 8~8.6 
ChEELTW4o 

3. Nitzschia obtusa (Kiitz.) var. scalpelli- 

formis t. nipponica Negoro 
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ChS. KMIZAKGNBRR, PATTI, Baba 
Fi, SETEIBEORATINIE, FREI, ea, 
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AFB OVC YER OUR BUR ICI < Hi LT 
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BAZOKOv —~RPITREHA, TOKO 
C ) AOBERIXHTRR ® % CE LEB 
1. Achnanthes brevipes Agardh IV. HAM 
2. —— —— var. intermedia (Kiitz.) Cleve 

We VRE 

3. —— crenulata Grun. IV, V, VI, VI. AAS 
TSR PETE. 

4. —— exigua Grun. 1(4), I1(9), T1(99.5), 
IV (98.5), VI(0.5), VIL(97), VIII (52). 

5. —— inflata Kiitz. VI. 

6. —— lanceolata Bréb. IV, V, VI, VII. 

7. Amphora strigosa Hust. I, Il (20), V, VI, 
VIL. A ASSiPERE. 

8. Caloneis bacillum (Grun.) Meres. var. 
lancettula (Schulz) Hust. V. 

9. Ceratoneis arcus Kitz. var. vaucheriae 
(Kiitz.) Fukus. et Koba-Yas. IV, V(1), VIL. 
A AN R BERS. 

10, —— —— —— f. kamtchatica (Boye-Pet.) 
Fukus. et Koba-Yas. IV, VI. A ASS pets. 

11. Cocconeis placentula Ehr. V, VII, VIII. 

12. —— —— var. euglypta (Ehr.) Cleve II, 
III, IV, IV, V, VI, VII. 

18. —— —— var. lineata (Ehr.) Cleve III, 
IV, V, VI. 

14. —— —— var. Rouxii (Brun & Hérib.) 
Cleve IV. A ASSIPERS. 

15. Cyclotella comta (Ehr.) Kiitz. VII. 

16. Cymatopleura solea (Bréb.) W. Sm. V, 
VI (2). 

17. Cymbella affinis Kiitz. V. 


18. —— sumatorensis Hust. V (0.5), VI, VI. 
FA ASIST EER. 
19. —— tumida (Bréb.) V. Heurck. Il, V, 


VI, VU, VII. 


20. —— —— var. borealis Grun. IV. 
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21. —— turgida (Greg.) Cleve VIII. 

29. —— ventricosa Kiitz. V (10), V1(375), VU, 
Vill. 

23. Frustulia rhomboides (Ehr.) De Toni var. 
amphipleuroides Grun. IV, VI, VIII. 

24. —— vulgaris Thw. VII. 

25. Gomphonema constrictum Ehr. var. capi- 


tata (Ehr.) Cleve V. A AMIR TEETS- 


26. —— longiceps Ehr. var. subclavata Grun. 
1(4), VI. AAR STeERE. 

27. —— parvulum Kiitz. V, VII. 

28. —— —— var. micropus (Kiitz.) Cleve I, 
III (0.5), VIQ1). A AHIR STEER. 

29. —— ftetrastigmata Horik. et Okuno III, 


IV, V, VI (0.5), VII, VIII. A AiRR STEERS. 

30. Gyrosigma Kitzingii (Grun.) Cleve V. 

31. —— spencerii (W. Sm) Cleve VI. 

32. Hantzschia amphioxys (Ehr.) Grun. I(8), 
II (2). 

33. Melosira varians C. A. Ag. Ill, IV (0.5), 
¥V (63); VI.G5), VII, Vil. 

34. Navicula bacillum Ehr. I, VI (1.5). 

35. —— cryptocephala Kiitz. I, VI (1.5). 

36. —— —— var. veneta (Kiitz.) Grun. I, V, 
VI (1.5). 

37. —— cryptocephaloides Hust. I (30), IU, 
IV (10), VII, VIII (0.5). AASSiHERE. 

38. —— decussis Oestrup V, VI (0.5), VII. 
A ASST BERS. 

39. —— exigua (Greg.) O. Miiller V. 

40. —— graciloides A. Mayer V. AAS RERE. 

41. —— incognita Krasske I. HASSTPERR. 

42. —— menisculus Schum. VII. 

43, —— —— var. sinica Skv. VII. HASPERE. 

44. —— mutica Kiitz. It. 

45. -—- —— f. undulata (Hilse) Grun. VII. 

46. —— oppugnata Hust. V, VI (2). AAR 


47. —— radiosa Kiitz. V (3.5), VIG), VIII. 

48. —— viridula Kiitz VI. AASSPERE. 

49, Neidium affine (Ehr.) Cleve VI. 

50. —— dubium (Ehr.) Cleve V, VI. AAT 
SRT PERE. 

51. -—— iridis (Ehr.) Cleve f. vernalis Reich. 
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VI. AAS. 

52. Nitzschia clausii Hantz. V, 

53. —— dissipata (Kiitz.) Grun. IV, V(3), VI 
(13), VIL (1), VII (0.5). 

54. —— frustulum (Kiitz.) Grun. var. perpusilla 
(Rabenh.) Grun. I (2). 

55. —— linearis W.Sm. III, IV(0.5), VIC7. 5), 
VII (2). 

56. —— obtusa W. Sm. var. scalpelliformis 
Grun. f. nipponica Negoro II, V (1.5), VI 
C185); 
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63. Stephanodiscus astraea (Ehr.) Grun. VI 
(0.5), VIL AAIRSTHERE. 


64. Surirella  biseriata Bréb. var. bifrons 


(Ehr.) Hust. V (1), VI. AAS IR SIZES. 


65. —— elegans Ehr. V. 

66. —— —— f. constricta Mayer V, VI(0.5). 
67. —— ovalis Bréb. VIII. 

68. —— robusta Ehr. V. AAR SUE. 
69: —— —— var. splendida van Heurck f. 


punctata Hust. VI. AAR SERS. 


57. —— palea (Kiitz.) W.Sm. V (8.5), VI (6). 70. Synedra ulna (Nitz.) Ehr. II, I, IV, V 
58. Pinnularia borealis Ehr. 1. HAY STPET. (4.5), VI(3), VUI (0.5). 
59. —— interrupta W. Sm. I. 71. —— —— var.? II], IV, V Q), VI Q), 
60. —— Karelia Cleve VI (0.5). HARES VII. 

DET. 72. —— —— _ var. oxyrhynchus (Kiitz.) van 
61. Rhoicosphaenia curvata (Kiitz.) Grun. II, Heurck VI. 

Ill, IV, VI, VII, VIII. 73. —— —— var. Ramesi (Hérib. et Perag.) 
62. Rhopalodia gibberula (Ehr.) O. Mill. I, Hust. VI, VI. 

WAC) NALS) WASLN CODED 

Summary 


At eight among fifty stations of Atakawa, Katase, Yatsu, Mine, Yugano, Konabe 


and Yugashima spas in the Izu Peninsula of Shizuoka Pref., the writer found abun- 


dant diatoms. They amount to seventy-three taxons, and those data are as follows: 


Place Station} pH sees a Cl’ mg/1 Diatom Community 
Pinnularia Kneuckeri-Navicula 

Katase spa i oo a ne os cryptocephaloides Association 

Yatsu spa II This) wales! 9.5 529 Pinnularia Kneuckeri Assoc. 


Yugashima 
foe iiacpal es. tee 5.5 


fl Achnanthes exigua Assoc. 


ibid. IV — 36.8 — — Achnanthes exigua Assoc. 
ibid. NES Se AA ae a ee 53 | Melosira varians Assoc. 

ibid. Vie Me. «23.0 — 53 Cymbella ventricosa Assoc. 
ibid. VII oo | 2OS® = 30 Achnanthes exigua Assoc. 
ibid. VIII 7.3| 40.0 a. 30 Achnanthes exigua-Pinnularia 


Kneuckeri Assoc. 


74 ffi ) % RE BR 88-70 -G HH 825 5 Magn 32 42 3 A 


New additional species to Japan: Amphora strigosa, Ceratoneéis arcus var. 
vaucheriae t: kamtchatica, Cocconeis placentula var. Rouxii, Navicula cryptocephaloides, 
Navicula decussis, Navicula graciloides, Navicula incognita, Navicula menisculus 
var. sinica, Neidium iridis f. vernalis and Surirella elegans f. constricta. 

New additional species to Japanese thermal flora: Achnanthes brevipes, Achnan- 
thes crenulata, Ceratoneis arcus var. vaucheriae, Cymbella sumatorensis, Gompho- 
nema constrictum var. capitata, Gomphonema longipes var. subclavata, Gomphonema 
parvulum var. micropus, Gomphonema tetrastigmata, Navicula oppugnata, Neidium 
dubium, Pinnularia borealis, Pinnularia Karelia, Stephanodiscus astraea, Surirella 
biseriata var. bifrons, Surirella robusta and Surirella robusta var. splendida f. 
punctata. 
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Katsuji KIMURA : On the Polarity of Psilocybe coprophila Fr. 
1956 4. 9 A O16 AAett 


h7yvy 27 (REIL) Psilocybe coprophila Fr. (HOB FMIC RVC hLMHSNCWS CWhite- 


(Ahh, VIF ORORICE CAAT YP AVY? 
DUBE Cho AH ORPEIL Gilmore (1926) 2% 
U> Brodie (1935) i€ LMF RMEC HSM, —H 
Vandendries (1937 a,b) (LAEILURPE GES 
CEMNTWISo COL 45 IC—-BMO MH Ie = fap: & 
BE DOD RERAFETET DL, WARIO 


house 1949 a, Quintanilha & Pinto-Lopes 1950), 
Aschan (1954) (KC 3.650-G Corticium cor- 
onilla SCL PREE & ORME OT REO HNIC 
NICE OR D%S 2s, Psilocybe coprophila, 
Radulum orbiculare, Anellaria separata, Hy- 
bholoma fasciculare @\C(L, = OL 4 5A 


* PLUS aE ees HAT REAESERE No. 52. 
8 TRILL ARBRE AE eee ~=Department of Biology, Faculty of Science, Okayama University, 


Okayama, Japan. 
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DEES LE, CH OORBOMMITOVWT 
(LAME RITIBFE SANS CHS LUNTWS, H 
ATILASSLLED Psilocybe coprophila Gi§~ fe & = 
4, BROMEICBLC—OO BIRR EBRO ES 
CICS S o 

MH E 

ASRIZ(L K, TO 2 RRA K RiBild 
BUCA OPE PARAS 1952 41 ARRAS BE 
CHESNELOC, BMI ODL MHA 
% 19544F 3 AIK CORR. © OF 
Ae eEEFEL TC FRARRESE, FOO 1 (i, Ka 
dy DEF FETE HR 20 eRe T Ritts 
2: 195242 9A, BATT CHRELK LO, 1 fll 
DBEFRA Tw o: DBF HSER 14 279 
% CRG ICB FHI L OMARAREL ERO 
C OMFAMAREHE LC, BURFRAO 1 ff, 
Ta POo¢ MITRE 20 (eB 

CP OOMMT Maw AROMAS tals <A 
CARS AAAS REE ECATVs, 30°C C5~ 
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Fae 


(ane Lie, TRI ORFMAILOH Ae & > 
~ clamp connection OAL Ko 

RA OFRAT MIMD CBG C, tHe he 
= fat A OP RBIICHAA CT 30°C 
ICfRORFIL 8~12 A CBZROFRABECRO © 
VW bD FERILBA OBES 2~5mm CHED 
LOL YO LEMICPRV AD, MOUILROREV 
Choa’, fAFIXIEM CHOBL< EUR fe 
$s (LAF PEI Cie ¢, BARES BAAD 
Us clamp connection 238 b3v7rds 5 KAA 
CHP ARIC &, LIX LIZ EO L 45 FRR 
4ECIAS, MAAAICE CREE OKRA THF O 
BDIER ICD D5 Ko 

ASSRBRIC FA ER SESEILS SC RRM AER 
HAE Ch 9, MIST or L PEP (1938) 1c 
ores 


RR eG ReEZR 


EF TROUT Tw ds DELI 14 
(AOBMIITHEK, 2 (FOOT SC OME 


Table 1. All posible pairings of fourteen monosporous mycelia 
isolated from a wild fruitbody of T-strain, Tw. 
I I 
il 2 4 ie NS 7 3 8 Oe 2 see 
] =i aoe plas Ahem = SRL: alle: lie) Tee la a ame Se A SOE = 
1 ca aa lea iar sae ae =P a ee er 
The sign (+) indicates the presence of a few clamp connections, and the 
_ sign (—) the absence of them. 
Table 2. All possible pairings of twenty monosporous mycelia isolated from 
an artificially cultured fruitbody of T-strain, Ta. 
I I Il V 
eon OmmeL Ouse 1 Ales hy: Deano 2 aye meee als ley aI) eS 
I ae Paletsigk ed poe wl ee ie ett eel Pee he ett, pee oe 
a) | Ee ai ete eee pe tse rie eee ark 
I. ee Se ae a = a rs ee 
ai. « 2S SS ee Se ae, ei eel ee is. ate ot ace ks ane ah oe 


The sign (+) indicates the presence 


of many clamp connections. The (+)- 
mycelia grew faster than both of (+)-and (—)-mycelia, but there was no 
difference in the growth rate between (+ )-and (—)-mycelia. Oidia were 
produced on (+)-and (—)-mycelia, but not on (+). 
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PEPEDSEBILH IROL GA Cho. HH, FI 
(x clamp connection 2378 542, FORME 
MoSCDOLLe, -AlLS<S EU Pok TE 
emt iets, +, -MPOMCHROLE RE 
Ozltin<, EMAC I? EGEOR 
RE CRM SNS oidia A SAT 

Ki TREK K RMOALHRF RK Ta, 
Ka p O57 SAV 74> 20 (HORM A REO 
CORA D CERO GIL, 8 2, 3 HER 
374 £41c clamp connection #ZBhO4 OIC, 
 COKOKC 2H OOYADRBMO SINK. tiki 
B#AG+EVL clamp connection 7:4M4zU 
RBGESRRMRL, +, —FUILATRO OCD 
ists, +OW4, WROLR RELL, -—OBG 
MEWMIBNACH<, Ete oidia OMI br 
ieProko 

MADCHBELELORE << L+O0KRAE 
BRAFRALIEO, SROMFLEMLRS t 
LC LO FRA b OMIT AA AEOMA 
HUBORMRIA 2, 3KLAMCL I RDeA 
Li E&I). Ek, BOL 5 CMOS 


2k 
dL) 


a 70 4& oS 825 


ARAN 32 4 3 4A 


ARUMEDUMEC—-, Mitt OHA 4, L 
IE LIF FRABECKEA, WFNOBHEA IFO 
HUSERIC Dok, MidTHRMACECRF 
Lk OIF OREM SH ORMRILT At, Fas 
HK L eR FEAR & [I DASH D 4 OVE 
DYOCHoKER, I. CHEMUES Elk, Kniep 
(1928), Hanna (1928), Biggs (1938) ick 4 
fh DWE DFE CMC BR SIN CHE YO, Eh, 
BGOvyyY«e ba Coprinus macrorhizus f. 
microsporus DPFEC bon RBK)o K 
IC4£DHAO— TCHS Ka5xKal0(#3HS 
fa) ICE CRE FRE 1 db OMIT HH 10 
{fl 4 2S 57 HT L ERIE 4 ROL 5 Cho 
titbhd, COYA&TC bhaF oRHMteB 
Kal0 Dt LACH YO, HiMOMS HP 
AICECKFRAOMF clic, Bee ehs & 
W240 ints, AUFRAD 5b OST RA 
lk clamp connection (E@SkRDbNitp7 
Ro THH, 4DBAKCECRFRALMADE 
72 2 (AO RI FG PE ARO BR O— DAML reRt 
4HD 4 OCH Y, HE> C clamp connection Zi 


Table 3. All possible pairings of twenty monosporus mycelia isolated from 
an artificially cultured fruitbody of K-strain, Ka. 


I I ll V 
L233) 6 119515 Siw £50 12144017718. 20 2129 F100 137 16 4 19 
I ya meee dh ot hot tt a th ae 2 eee eee 
I Hine Fence sect aete Sept eae! Reet eS a oe ee - - 
ll - - - - - Se seat? pele cine bot Some a ae qm ir 
V 22 USES Gk Mibwods hei = hiew So sper +ilgieos Fiat Se = 
Tble 4. Pairings of four original haploid mycelia from Ka with ten monosporous 
mycelia isolated from a fruitbody produced on the culture of Ka5~x 
Ka 10 combination, 
Ka5 x Ka 19 
1 2 3 4 5 6 if 8 9 10 
I 1 ~ eo «Se eeie” dieinlia tele 
: 
Ka I a ees ct + + = a - a 
ll 2 i OT pane ee abe aun ee 
V 4 Fo onctes Gh oe e  e  e en 
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MAONTCLLOWAL, +0480 k 5 te iEM 
PSEA AA CIT LOE REVS 

Aschan (1954) (it Collybia velutipes opyze 
G, clamp connection OA ME7ZITIC LO CHE 
PORT 2RDS O LORADRRMUETOSA, AB 
Ofatt 4 clamp connection DKAS >Re 
IS, RRICTOPRMOAMR a bs 1, 2, 3 
KORRES S fe DIL GPE CHS, FS 
PRIN CS RDF OZ ORAS LC, HOW 
FABER EWR SDIL+A DGS CHS L#BADH 
Sb, ARLE CHS EAT 
Er, fAOWRRIC ts) CHA ROA REAM 
FARO ZINC E S35 CWDS EABSB (PUPA, 
LUPY 1935, AA 1952a, 1954), APicssvc+ 
PMARBLOLOL ) 4AM, +, — 
WA ORNCIXLS OZEASC L, MOH, We 
FA CHB AIC EITHES oidia Ait (CCF +1c 
(LHboNmRWC ESP bOHELT 4 OPEC HS E 
TARE 6 

“Rie Ka FRAO 4 ae t Ta FRAT 
cE MDHAD tHE, LU Tw FRAO 2 Bed & 
had 2 FROG ~ D 4 ACR) & OMA AD CHE 
OXERIL, LICH 5,6 HOLG CHS, 


Table 5. Pairings of the four mating 
types derived from Ka with 
those from Ta. 


2 


I I Il V 
A3B4 A4By 


AsBg A3By 
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CHE ORE LOM 1, 2,3 KELBHET 
B*AGL, WE Ka FRAO I, 1, I WV ozeaew 
ztNCH AlBy, AgBo, AyB2, AoBy ESL, 
TaFAkKO 1, 1, 1, VN 0% %tk AgBa, AzBy, 
A3B4, AqBy Lit), KE ArAcBiBo & T Rit 
A3A4BiBy t OAC By &\> 5 ROMP AEE 
FHCLRCHSo Ee, TWH J, | Oe 
BNL AaB, A3B CHO, 14 HORA 
FEED BRAT 4, CIVG 2DOZAAMHOE 
SPITS 40D ChokhEWR Do 

COL FCERMMPEDSA L, MAbCH TE 
GCARF, BAF AMEICAT P OYSII+, AN 
FAnF Pp CBANFASAEOHBAITL, ANFAS 
*kECBAFAA7 POMS, KOAAF, BA 
FAL (Ck EOYRAIL-RRET ALOE BASIN 
Do 

Whitehouse (1949 b), Aschan (1954) 4a jk 
AB E45 ICA CILIATE 4 OF» 5G HED F 
DAHALLCHCEREBAZ SNA, SAA 
BeELCHUORABO 2 Risilt, © OWED 
HRT LOCLSS EVD. Hihbd, AKFAS 
AF CBWFASR EOE, DRMitasb clamp 
connection #7j#~s%L, AN F235 ec BAFZS 
AFUOGEAN, COBMRES MW EWV5T 
tlt, ABI, Do CAWFROGABS LOOKER 
—MHEORRA SO, CHI BAFASOL < tn 
bo CRE Bo tT skCl tome t hte 
Wo Et, K, TO 2 RRO ICIEROAF By 23 
FEET SMB, COL 4 PEMA RITT S RislAlO 
He AF hE VY YY eb a Ch RICE 
PHKCECHS CK 19526), LaLV yr 
YeERaOWAT, HHA 10 Hla CERRO 
ANCZOAMARASNRN CS, PEMbASALLUSE CR 
eu, BURL & SILO L 5 Zeca ORE 


Table 6. Pairings of the two mating types derived from Tw with each four 
mating types from Ka and Ta. 
Ka Ta 
I I ll V I I ll V 
AiBy <AcB2 AiBe AzBy AgBy, A3B,; A3Ba  AgBy 
7 [ A4B1 cls + + A; - + rv, a 
bf I AsBy + + 4 + oe va = ms 
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OMGIL, COL FMR LILI BAI Do Ko bILSHb, Gilmore, Brodie Okt AiwlLALE 
SWIC LO RIV ATC 500 HG BCH ICOMPEC h 5 ROCHA 5 L, Vandendries © 
FOR, MLO 27RPINCITALE By 2°4F78L, CHISLHLE Cd a LOCHA 50 TLCHAO 
LOCL SE BA FOMMENOAMORGBAS, EE Fite 2 PUTIN OE CLS, AO 
SEB LIC ERRORS GO CIBS EVD PEDRROBR, REBTHDS FED EWORW 0 

LLEO#A BHENSEG, ABACMD KOICRHORMEKROMARADHe tb 
C> PORRPEICZE 6 OU PRB Lot & Ch 0 EC, RREEORMR WH OF So R/S 
Eto, SOMELO EAA SHBMIC Lo CRS CH EEO IC PRES RICRR 6 RATS 0 

Summary 


Determination of the polarity of Psilocybe coprophila Fr. was made, using two 
strains, K and T, collected in Japan. This fungus. has been suggested to include 
both the bi- and tetrapolar strains. 

Judging only from the results of test for clamp connections, but ignoring the 
difference in the number of them, in all possible pairings of monosporous mycelia 
isolated from a fruitbody, this fungus may be said to be bipolar. The clamp-bearing 
mycelia can, however, be subdivided into two groups. The one is characterized by 
many clamp connections, producing normal fruitbodies, and the other by only a few 
clamp connections, producing haploid fruitbodies bearing spores of the same mating 
type.. The latter group can hardly be regarded as real diploid mycelia, because of 
the appearance of haploid fruitbodies which often develop on the monosporous my- 
celia of this fungus. From this point of view, the polarity of this fungus is thought 
to be tetrapolar. 

In the pairings of monosporous mycelia, when both A- and B-factors are differ- 
ent, the number of clamp connections is many, but when A-factors, but not B- 
factors, are different, it is few, and when B-factors, but not A-factors, are different, 
or when both A- and B-factors are identical, no clamp connection is formed. 

It was found that one common factor, B;, was involved in the two strains which 
were collected from two places about 500 km apart from each other. 

The regular formation of clamp connections, though it is few in number, in the 
illegitimate combinations in which B-factors, but not A-factors, are identical, and 
also the existence of one common factor, By, in the remote places seem to suggest 
the evolutional course from bipolarity to tetrapolarity in this fungus. 
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Developmental Mechanics of Fucaceous Algae IV. 
Morphogenetic Movement of Coccophora Eggs 


by Singo NAKAZAWA* 
PRET: 7-7A~ASMMOBEAS IV. 2X2 POMoOPAGER 
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It is known that in animal eggs their primary volume is as a rule kept up 
without being changed till the blastula stage in spite of the successive occurrence 
of cleavage (2). In Fucus eggs, it is also reported that while the cleavage proceeds. 
after fertilization the whole volume of the egg is constant till it becomes composed 
of several or more cells (4). The volume, however, was not measured precisely. 
Herein, a measurement was made by the present writer on Coccophora eggs. The 
result is introduced here with some discussions from the standpoint of revealing 
the mechanism of polarity determination. 

In April, 1953, some individuals of Coccophora Langsdorfii were collected from 
a nearby reef at Asamushi. Eggs discharged in glass vessels were artificially fertiliz- 
ed, then used for the present investigation. Five fertilized eggs were placed in a 
petri dish containing sea-water, being arranged side by side so that those were 
observed within the same field of the microscope. The outline of these eggs were 
precisely drawn with Zeichenapparai. After that, the dish was covered with a 
glass plate with care not to move these eggs, and left as it was under the lens of 
a microscope. While inspecting 24 hours later, it was found that these eggs did 
not change their relative positions, so that even if a slight transformation occurred 
in the same egg, it was easily discovered by means of drawing in the same method 
as before. However, as to the fertilization cone which was discovered by Abe (1), 
it was not always observable in each egg, therefore it was omitted from the draw- 
ing. The two drawings on the different stages, just after and 24 hours after 
fertilization, were photographed. The pictures were enlarged, then some necessary 
factors for calculation of the egg volume were measured on those pictures. 

The form of the egg is spherical or ovate, a little pointed on one end (Fig. 1). 
Its volume is easily calculated according to pappus-Guldin’s theorem. That is, let 
the plane figure of the right (or left) half of a vertical section of the egg contain- 
ing its longitudinal axis y be denoted by a (Fig. 2), its area by A, the distance 
to y from the centroid of a@ by x, and the volume of the egg obtained from the 
rotation of @ around y by V, then 

V=27rrxA. 


* Biology Department, Yamagata University, Yamagata, Japan (iA yeas 


82 te my * HEH B70 8265 ie 32 4244 


— 
e.6e 


Fig. 1. Schematic illustration of two different types in the polarity determination 
of Coccophora eggs. a-d) polarity determination in spherical eggs; a/-d) the 
same in ovate eggs. a,a’) before fertilization; b, b’) just after fertilization; 
c) the first cleavage; d) young embryo forming rhizoids. f, fertilization 
cone; r, rhizoids. 


In finding the centroid, the figure enlarged on a piece of homogeneous paper 
was cut out and it was placed on the top of a pencil erected vertically. ‘Then, 
when the figure balanced, the sustaining point was marked with the supporting tip 
of the pencil by pressing the figure downwards. The area of the plane figure was 
calculated from the weight of the marked paper comparing it with that of another 


Table 1. Measurement of Coccophora eggs for calculating the volume. 


Time after ae? c 

Ege fertilization x inp * A in p2* 
10 min 21.5 2574.4 

1 
24.hr Lia7 2926.6 
10 min 20.5 2881.6 

2 
24 hr 20.9 3021.9 
. 10 min 14.8 3248.9 
24 hr 16.5 3248.9 
H 10 min 15.9 2866.7 
24 hr 17.7 3057.8 
5 10 min 17.6 "3809.3 
24 hr 177 . 4013. 4 


* Explained in the text. 
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Table 2. Volume V, and its increase 4V in time after fertilization of Coccophora 


eggs, calculated from Table 1. 


Egg use V in p3 AV in p3 AV in %* 
10 min 347597. 4 
1 
24 hr 325309. 0 —22288.4 —6.4 
10 min 371012. 4 
2 
24 hr 396630. 3 | +25617.9 +6.9 
10 min 305272. 7 
&! | 
24 hr 335936. 2 | +30663.5 +10.0 
| a _ 2 
10 min 286116. 6 | 
4 
24 hr 339721.5 +53604.9 +10.0 
e | 
10 min 422369. 6 
5 
24 hr 445888. 7 | +23519.1 45.0 


* CAV/V in 10 min after fertilizatitn) x 100 


piece of the same paper whose weight and area relation was already known. Result 


of the measurement of those factors necessary for the volume calculation is pre- 
sented in Table 1, and the volume (V) and its increase (4V) are shown in Table 2. 


In this calculation, if each procedure, the drawing, 
enlargement on paper, measuring weight, determina- 
tion of the centroid, etc. contains 1 per cent error, 
which is quite probable, then at least over 5 per cent 
of the calculated volume must be taken into account 
to be the probable error. In this respect, it seems 
from the table, that while the matter is a little dif- 
ferent from each other according to the individual, 
when averaged, the actual volume increase is very 
little in spite of the remarkable transformation. In 
some eggs, like egg 1 in the table, the volume was 
decreased rather than increased. One of some re- 
markable features appearing in the transformation is 
the elongation along the longitudinal axis. It is indi- 
cated in ratio between the longitudinal axis y and the 
width x of the egg (Tab. 3). As the error in the 
measurement is much less by this time owing to the 


Fig. 2. Ilustration of the 
factors to be measured for 
calculating tne egg volume. 
a, The right (or left) half 
of a longitudinal section 
containing the major axis 
y; x, distance to y from c, 
the centroid of a. 
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Table 3. Change of the length y, width x, and their ratio y/x of Coccophora 
eggs in 24 hours after fertilization. 


| 
re | | 
Time after 2 in y/% 
Egg - fertilization pe ENse: ee | 
| | — ——— 
—-= | —_ = 
10 min 50.4 | 114.0 2.2 
iL | 
24 hr 46.7 | 145.8 | 3.1 
| | 
10 min 50.4 127.1 | 2.5 
2 | 
24 hr. 46.7 4 140. 2 3.0 
10 min 62.4 125.0 | 2.0 
3 
24 hr 65.5 125.0 1.9 
10 min 65.4 | 99.7 1.5 
24 hr 65.4 | 105. 4 ) 1.9 
= = | 
10 min 70.1 116.8 | 1.6 
2 | 
24 hr 72.3 | 116.8 1.6 


simpler procedure than by the volume calculation, the table is much more reliable. 


Another feature which accompanies the egg elongation is the asymmetric sharpen- 


ing of the egg form towards the one extremity of the longitudinal axis. In conse- 


quence of this transformation the egg becomes more ovate, pointed on the one end. 


10 wa. 


Fig. 3. Side view of a ferti- 
lization cone (fc) being raised on 
the surface of a Coccophora egg. 


The pointed part in a later stage forms the 
rhizoid primordium (Fig. 1). Sometimes the 
elongation is not remarkable like eggs 3 and 
5 in Table 3. Even in such a case, however, 
the asymmetric sharpening does occur without 
fail. Thus the transformation, 7.¢. a morpho- 
genetic movement, takes place almost without 
varying the volume. Besides, inspecting the 
drawings and Table 3, it is known that the 
asymmetric sharpening is attributed to a pro- 
trusion of the one extremity of the longitudinal 
axis rather than to the new addition of proto- 
plasm. This strongly implies an eccentric 
change of the surface energy, that is, a partial 
decrease of the surface tension in that part. 


It was revealed by observations, that the polarity of Coccophora eggs. appeared 
with a morphogenetic movement, viz. transformation from spherical to ovate. Ac- 
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cording to Abe (1) the center of the transformation is determined at the entrance 
point of the spermatozoid raising a fertilization cone. However, so far as the 
writer’s observations are concerned, this occurs merely when the primary form of 
the eggs is spherical. But in these different eggs which are originally of ovate 
form, the primary axis is not modified by the fertilization cone while a temporary 
fertilization cone is sometimes confirmable in observation (Fig. 3). This indicates 
that what takes the leading part in the polarity determination is the morphological 
axis of the egg. That is, it seems that in spherical eggs, the primary axis is so 
small that it is surpassed by the raising of a fertilization cone, forming a new axis 
which takes part in the polarity determination. But when the primary axis is large 
enough, as in ovate eggs, it is not surpassed by the fertilization cone wherever it 
arises, so that the former is not modified in the development. Therefore, it is 
natural that if the egg is forcibly transformed, the artificial axis enacts the title- 
role in the determination (7). A similar experiment is also reported in Fucus eggs 
(10). As aforesaid, the morphogenetic movement of the egg of this alga implies an 
eccentric change of the surface energy. This seems valid considering the writer’s 
preceding experiments. That is, centrifuging reveals that the polarity determination 
in Coccopora egg is not controlled by the arrangement of intracellular materials 
(5). However, it is autonomically determined if the egg is ceaselessly rotated irre- 
gularly in sea-water, viz. excluded the gradient of external conditions (9). These 
two experiments indicate that the polarity determination is attributed to a cortical 
or a surface differentiation. Besides, the fact of permeability gradient along the 
major axis, appearing after fertilization in the highest degree in the pointed part 
(6, 8), verifies a surface differentiation. 


Summary 


The same eggs of Coccophora Langsdorfii were measured at two developmental 
stages, just after and 24 hours after the fertilization. As a result, it was revealed 
that their volume was almost constant in spite of their transformation from spherical 
to ovate, pointed towards the one extremity of the longitudinal axis. This implies 
the partial decrease of the surface tension on the pointed side. The fertilization 
cone in the polarity determination is discussed. cs) 

The writer’s sincere thanks are due to Dr. Arika Kimura, Tohoku University, 
for his kind support for the present research. 
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Introduction 


Gibberellin, a metabolic product of Gibberella fujikuroi which causes “ Bakanae” 
symptoms (9), induces abnormal growth of rice plants. Many works have been 
reported about the physiological actions of gibberellin, using intact or excised 
materials. The most striking growth stimulation due to treatment with gibberellin 
is stem elongation and this effect of gibberellin has been observed on many kinds 
of plants (1, 2, 5, 6, 10, 11 and 12). With leaves, however, growth acceleration due 
to treatment with gibberellin has not always been obtained. Yabuta ef al. found 
that in experiments using treated tobacco and untreated ones as controls, the largest 
leaf was always found among treated plants (10), and that the mean of leaf area 
of once treated tobacco plants was larger than that of untreated one (11). Incase 
of tea, the growth of lower leaves of treated shoot was accelerated by gibberellin, 
but the growth of upper leaves was never affected (12). Hayashi and Murakami 
(5) also observed the definite growth accelerating effect of gibberellin on the 
youngest part of the young leaves of oat and barley. Remarkable promotion of 
leaf length and decrease of its width in wheat (1) have been observed. 

It was not clear whether these phenomena caused in plant by gibberellin were 
due to direct or indirect action, In the present works, the effects of gibberellin on 
growth of leaf are investigated using excised leaf and intact leaf. Also the mode 
of action of gibberellin is compared with that of kinetin, reported lately as effec- 


tive on leaf growth (8). For the study of gibberellin transport, stem growth of 
intact plant is also observed. 


Materials and Methods 


Raphanus sativus (the variety Risd Daikon) was selected for the study of leaf 
growth and the same method of cultivation as reported in previous papers (7 and 
8) was applied to grow the materials. Pisum sativum (the variety Alaska pea) 
was employed for the study of leaf growth and stem growth. Pisum seeds were 
soaked in tap water for six hours and planted in coarse quartz sand in green house 
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and watered twice a day with Boysen-Jensen’s solution. On sunny days, they were 
covered with a fine bamboo-blind to avoid the strong sunlight, under which the 
internodes become too short. 

Raphanus leaves were cut off from the base of lamina, when the area of the 
first foliage leaves became large enough for the experiment. In the case of 
Alaska pea, when the fifth internode became two cm. long, the plants were moved 
into the darkroom for starvation and were kept there about eighteen hours. After 
the starvation, the fifth leaves were cut off and disks 0.5 cm. in diameter were 
punched out from the leaves with a sharp cork borer. After washing the Raphanus 
leaves and Pisum leaf disks separately, the former were floated on twenty five ml. 
of culture medium containing basal minerals (7 and 8) and two per cent of sucrose 
in Petri dish of nine cm. in diameter, and the latter were floated on ten ml of same 
medium in Petri dish of five cm. in diameter. In the former case ten leaves were 
floated and in the latter fifteen disks were used in each dish. The dishes were in- 
cubated at 30°C under 1000 lux for twenty hours. All the experiments were repeated 
two or three times and two Petri dishes were used for each different case in the 
experiments. After the incubation, the fresh and dry weights of leaves and leaf 
area were measured, as shown in previous papers (7 and 8). 

For the experiments of stem growth, Pisum was used as material. Sections of 
0.5 cm. in length were cut off with a two bladed cutter from the seedlings from 
which the leaves were cut off for the experiment of leaf disks. They were floated 
in distilled water and each ten of them were picked up at random and floated on 
the surface of ten ml. of medium consisting of ten times diluted MclIlvain’s buffer 
solution (pH 4.8, optimum for stem growth), with two per cent of sucrose in Petri 
dishes, five cm. in diameter. The dishes were incubated for eighteen hours at 
97°C under 4000 lux. After the incubation, the length of sections, fresh weight and 
dry weight were measured. Visible contamination with microorganisms did not 
occur within twenty hours incubation. 

The growth accelerating effect of gibberellin for the intact plants was studied 
using Alaska pea, which was grown under the same conditions as mentioned above. 
Before the fifth internode appeared in the plants, lanolin paste of 0.1 per cent 
gibberellin was smeared on the lower surface of the stipule of the fourth node. 
‘Then the stem and petiole length and the leaf fresh weight were determined for a 
week with an interval of twenty four hours between each determination. 

The light sources used were three 20 Watt Mazda fluorescent tubes of “natural 
day light” in the case of 1000 lux illumination, and ten 40 Watt tubes of “ White 
light” in the case of 4000 lux. 

The used gibberellin A mixture was kindly provided to the authors by Prof. Y. 
Sumiki and his co-worker of University of Tokyo. Kinetin was offerred by Prof. 
F. S. Okumura of University of Tokushima. The authors wish to express their deep 

gratitude to them. a 
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Results 


Effects of gibberellin on the growth of Pisum plant 

Alaska pea was selected to study the correlation of leaf growth acceleration 
and stem growth acceleration by gibberellin. In each experiment 160 uniform- 
shaped plants were selected from about four thousand Pisum plants. The plants 
treated with gibberellin and the untreated ones used as controls were grown in 
green house, and the length of the stem internode and petiole and fresh weight of 
leaves including plumule (fresh weight is determined as an index of leaf size) were 
determined every day for a week (Fig. 1). 

Fresh weights of total of leaves 
of one plant shown in Fig. 1A are 
the means of ten Pisum plants. 


Repeated experiments gave results 


Leaf (mg) 


showing almost the same tendency; 
as an example the experiment held 
from July 15th to July 22nd (1956) 


is shown in Fig. 1. As it can be e 4 a 3 g 
seen in Fig. 1C, the growth pro- ~ ° oF —o a 
Ley a) ee ere a i Pee e 
moting effect of gibberellin migrat- ao © wae $4 <i @s3-2o8 
o 
ed from lower internode to upper ia gre 
internode and disappeared in the 2 
jew 


seventh internode. The promoting 
effect was observed in the petioles. 


‘Oo 


The upper two petioles were omit- 8 suiting © ° 
ted from the figure to avoid com- Ic fsiv 


plexity. On the contrary, in leaves, 


: ee 6 V -e=--==-05-=- 6 ee 
gibberellin inhibited growth (fresh © ere pis e——3-——3 
oO Fd 
weight), though the extent of in- em < Ja 
“pegs. va) a0 ° ° Oo——-0 
hibition was small. #4 z- / / yet ls Bam $ 
For the investigation of the r e / : ee ===a== 
~! : - . s he 
direct effct of gibberellin, it seemed Fe we EL ---95¢_---0--54,4e------0--#--6 ee -- 
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necessary to use excised plant 


parts in order to avoid the influ- 
ence of other parts of the plant. 
Therefore, the disks of fifth leaves 0 2 4 6 day 


and the fifth internodes were cut Fig. 1. Growth of intact Piswm after 
. ibberellin treatment (solid line) and growth of 

off from Pisum plant a rn de 
plants and the control (broken line). Fig. 1A is the growth of 


effects of gibberellin on disks of leaf ; 1B, petiole ; 1C, stem. The Roman numerals 
Pisum leaves and excised inter- indicate the numbers of stem internode and 
nodes were observed (Table 1 and petiole. The length of stem and petiole is shown 


in cm; the fresh weight of leaves includin 
2).. As shown in Table 1, gibberel- plumules is in mg. ‘ 
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Table 1. The growth of excised Pisum 
internode in the solution containing 10 mg. 
of gibberellin per litre. Stem sections 
Were incubated in the medium which con- 
sisted of two per cent of sucrose and 
Mclevaine’s buffer solution (pH 4.8) for 18 
hours at 27°C under 4000 lux. Growth is 
shown as per cent of the initial values. 
The figures are averages of each 10 sections. 


Control ‘sieeere 5 
es | HE] 
Fresh weight ah 145 
Dry weight 187 


Table 2. Growth promotion of Pisum 
leaf.disks by gibberellin. The disks were 
floated on the standard medium for 20 hours 
at 30°C under 1000 lux.. Growth is shown 
as per cent of the initial values. 


Gibberellin 


| 
Control (10 mg. /1.) 
140 195 
Leaf area 140 203 
3 151 188 
Fresh weight 154. 191 
200 Leaf Area_ -0. 
on < 
fr Me 
SS bs \ 
| we Bo Weight > 
era O~~_ 
J 150 goer sit 
5 ye “ 
(=) ~ a 
& eG z Pa) Dry Weight 
Pe y —_—@ 
a oO” dean ce 
oe e 
0 0.01 0.1 1.0 10 100 


Concentration of Gibberellin (mg./I.) 


Fig. 2. The growth of excised Ra- 
phanus \eaf in gibberellin solutions of various 
concentrations under the illumination of 1000 
lux. Growths are shown as percentage of 
controls; chain dotted line: growth in area, 
broken line: growth in fresh weight, solid 
line: growth in dry weight. 
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lin stimulates the elongation of excised 
green stem as well as that of the stem 
of intact plant. Table 2 shows that the 
growth of leaf disks were remarkably 
accelerated by the treatment of gibberel- 
lin, though the intact Pisum leaf growth 
could not be stimulated by gibberellin. 


Effect of gibberellin on the growth 
of Raphanus leaf 


Although a remarkable growth pro- 
motion was observed in disks of Pisum 
leaf, the further experiments were per- 
formed using excised Raphanus leaf, as 
Raphanus leaf is often used to in- 
vestigate the physiology of leaf growth 
by some workers (3, 4, 7 and 8). 

Gibberellin was dissolved into the 
medium in various concentrations ranging 
from 100 mg./1. to 0.01 mg./1. and the 
effect of gibberellin on leaf growth of 
Raphanus was investigated (Fig. 2). 
The experiments were performed in both 
light and dark conditions. Even in dark, 
gibberellin stimulated leaf growth, and 
the results of the experiments in dark- 
ness were very similar to those of the 
experiments in illuminated condition. 
Any of the results obtained about fresh 
and dry weight and leaf area showed 
that leaf growth is stimulated by gib- 
berellin as far as these experiments are 
concerned. The optimum concentration 
of gibberellin for Raphanus leaf growth 
Thereafter all the ex- 
periments with excised materials were 


was 10mg./1. 


done at concentration of 10 mg./1. As 
shown in Fig. 3, the growth promoting 
effect of gibberellin appeared within 
three hours after the beginning of gib- 
berellin treatment. 
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Sump method was used to observe the shape 
of the epidermal cells of leaves treated with gib- 
berellin. The leaves for this study were the same 
materials used in the experiments for Fig. 3. The 
upper surface of leaves: initial leaves, gibberellin 
treated (24 hours) leaves and controls (24 hours), 
were replicated on small celluloid plates with a oF 
solution of Sump No. 2 and observed with a ie Wize 
microscope. Only a great enlargement was ob- 0 6 12 


200 fo} 


\/ 


40) 


150 ° _-* 


Leaf growth in 


28 24 
hr. 


Fig. 3. The growth of excised 
Raphanus \eaf in gibberellin solution 


servel in epidermal cells; neither remarkable in- 
crease of cell number nor visible change of shape 


could be observed. (10 mg./1.) in relation to time. The 
solid line shows the growth of gib- 
The mode of action of gibberellin and kine- _ berellin treated leaf and the broken 


line indicates that of control. The 
leaf was incubated at 30°C under 
Kinetin has been known to have remarkable 1000 lux. The growth is shown 


stimulating effect upon growth of leaf (8). The as percentage of initial values. 


tin on leaf growth of Raphanus 


Table 3. The mode of action of gibberellin and kinetin on Raphanus leaf growth. Growth 
is shown as per cent of the initial values. The leaves were floated on the standard medium 
at 30°C under 1000 lux for 20 hours. Gibberellin and kinetin were dissolved in the concen- 
tration of 10 mg./1. and 1 mg./1., respectively. 


Leaf area of used materials 6.0 cm2. 1.0 cm2. 

Fresh weight 133 140 
Control 

Leaf area 110 128 

Fresh weight 147 153 
Gibberellin 

Leaf area 159 186 

: Fresh weight 161 180 

Kinetin 

Leaf area 150 164 

Fresh weight 180 203 
Gibberellin+Kinetin 

Leaf area 169 193 


following experiments were performed to make clear whether synergistic action of 
these two compounds exists or not. The optimum concentrations of gibberellin and 
kinetin for leaf growth were 10 mg./1. and 1 mg./1. (8), respectively. As materials, 
the leaves of two different sizes (old leaves with area of 6.0 cm2. each and young 
leaves of 1.0 cm?. each) were used to study the difference in the effectiveness of 
gibberellin according to growth stage. 

As shown in Table 3, both gibberellin and kinetin individually promote the ex- 
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pansion of leaf area and the increase of fresh weight of leaf, not only in young 
leaf, and the two compounds together cause increase in leaf area and fresh weight 
larger than when only one of the compounds is used. As to the mode of action of 
gibberellin and kinetin, the following may be stated: gibberellin promotes more the 
expansion of area than the increase of fresh weight, however, kinetin accelerates 
the increase of fresh weight rather than leaf area. 


Discussion 


The effect of gibberellin on the growth of leaf on intact plant has been reported 
by many investigators: a small acceleration in some species, no acceleation in 
others and sometimes even inhibition were observed. Using excised leaf, however, 
Hayashi and Murakami (5) observed accelerating effect of gibberellin on very young 
part of leaves. In the present experiments it has become evident that gibberellin 
has a remareable accelerating effect on growth of excised leaf in dark as well as 
light condition, but it does not promote growth in the intact undetached leaf, as 
far as our experiments are concerned. In the latter case the ineffectiveness of gib- 
berellin on leaf growth seems to have some close relationship to the overgrowth 
of stem. 

Gibberellin and kinetin seem to act in different manners on leaf growth. The 
former mainly acts on leaf area increase and the latter rather on fresh weight 
increase. Therefore, these two growth promoting substance seem to take part in 
leaf growth in different ways. 


Summary 


This study was made to ascertain whether gibbereilin influences leaf growth 
or not, and to study its mode of action on leaf growth. The materials used were 
Pisum sativum and Raphanus sativus. The effect of gibberellin on growth of in- 
tact Pisum plant and excised Pisum internodes has been examined together. 

Gibberellin is effective on leaf disk and excised internodes of Pisum floated on 
a medium containing gibberellin. But it has no effect on leaf growth of intact 
Pisum plant. 

The optimum concentration of gibberellin for the promotion of leaf growth is 
10 mg./1. and its effect appears on excised leaf within three hours after treatment. 

Remarkable cell enlargement is observed in gibberellin treated leaves without 
any obvious increase in cell number. 

Gibberellin promotes the leaf expansion rather than the increase of fresh weight 
in contrast with kinetin which accelerates the increase of fresh weight rather than 
that of leaf area. In the presence of both compounds, increase on leaf area and 
fresh weight is larger than when only one of the compounds is used. Therefore, 


gibberellin and kinetin seem to act in different manners on leaf growth, — 


92 fi H 2 ME FR 704 FH 826 5 ARAN 32 <A 4 A 


When the intact Piswm was treated with gibberellin at lower stipule, the growth 
promoting effect of gibberellin moves to the upper internodes and petioles. 


The authors wish to express their deep gratitude to Prof. M. Monsi and Ass. 
Prof. T. Yamaki of University of Tokyo and Prof. K. Hogetsu of Tokyo Metro- 
politan University who gave the authors helpful suggestions. 
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In the previous paper? the constant occurrence of Torulopsis candida in pine 
honey was reported. The author now found three yeast-strains occurring frequently 
in pine honey and the present paper will relate the results in detail. Experimental 
methods were almost the same as those mentioned in the preceding paper. An 
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isolation method newly adopted was as follows: One sampling consisted of a series 
of five tubes in each of which a cotton ball of about 1 cm. in diameter (0.1 gram 
weight) soaked with malt broth was enclosed sterilized. In the field, each was put 
into a crack of one pine protuberance where pine honey was actually exuded. After 
ten minutes, each cotton ball which had been moistened with pine honey was directly 
put into the test tube above mentioned. They were brought back to the laboratory, 
and 10 ml of malt broth were poured into each of these test tubes and incubated 
at 25°C untill 10 days. Then the white sediment was appeared on the bottom of 
the test tube, from which yeast was isolated applying the dilution method and 
Lindner’s droplet culture method. Materials A and B were the same as those 
mentioned in the preceding paper. M, N, and P were newly employed materials. 
M was pine honey from a protuberance on the stem of Pinus densiflora in the Ya- 
nase district, about 18 km north of Hiroshima City and Materials N, P were collected 
from two other stems of Pinus thunbergii in the same place. 

Two attempts at isolation were made on Materials A and B, and three attempts 
on Materials M, N, and P during January through February, 1956. 


Schizosaccharomyces versatilis Wickerham et Duprat, in J. Bact. 50: - 
597 (1945); Lodder and Kreger, The Yeasts, p. 89 (1952).3) 1 
syn. Schizosaccharomyces japonicus Yukawa et Maki, in J. Kyushu Imp. 
Univ., Gakugei-Zasshi, 4: 218 (1931).” 


Frequency of occurrence of this yeast was as follows: twice from Material A, 
three times from Material P, and none from Materials B, M, and N. Some pro- 
perties of this strain will be reported in other paper.» Only the optimum tempera- 
ture for the growth of this strain is reported here. After various exmainations, at 
25°C, 30°C; 33°C, and 37°C, in malt extract and on malt agar, respectively, the 
optimum temperature for the growth of this strain was determined to be at 30°C. 
Yeasts belonging to the genus Schizosaccharomyces have been reported to grow 
best at high temperature,2©?®) ranging from 30°C to 37°C. The optimum temperature 
for the growth of the strain isolated here is the lowest of any yeast in this 


genus. 


Saccharomyces cerevisiae Hansen var. tetrasporus( Beijerinck) Phaff et 
al, in Antonie Leeuwenhoek 22: 149 (1956). 
syn. Saccharomyces mangini var. tetrasporus(Beijerinck) Dekker, in Stelling- 
Dekker, Die sporog. Hefen, p. 145 (1931). 


Frequency of this yeast was as follows: Twice from Materials A and B, respec- 
tively ; three times from Material M; once from Material N, and none from Material 
Ps 
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This yeast resembles Saccharomyces 
cerevisiae Hansen in regards to its assi- 
milation and fermentation, as well as 
its morphological characteristics, but it 
disagrees with the latter in the following 


features: 


(1) The small size of the cell; 

(2) The high percentage in sporulating 
cells ; 

(3) Both the optimum and maximum 
temperatures for the sporulation of 
this strain are lower than those of 
Sacch. cerevisiae by about 5°C to 8°C; 

(4) Delay in maltose fermentation. 
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Fig. 1. Saccharomyces cerevisiae Hansen var. 
tetrasporus. Asci in each of which 2 or 4 
‘ascospores are formed, on malt agar, after 
10 days, at 20°C, stained by fuchsin. Cone ~ 
unit scale represents 1. 0p.) 


Saccharomyces sp. I. 


This yeast was isolated three times from Material M and twice from Material 
P. Growth on malt agar: after 3 days at 25°C, cells are oval or long oval, measu- 
ring(2—5) x (4.5—8), single, after 14 days at 25°C,.several oil drops of various 
sizes in a cell, which were confirmed by staining of Sudan black; in the old-culture 


certain cells with one to three protuberances. 


at 25°C, sediment and a ring are dis- 
tinctly, no pellicle. Streak culture on 
malt agar: after 14 days at 25°C, cream 
color, smooth, semi-glistening, fine lobat- 
ed margin, after 25 days at 25°C, fuzzy 
growth appears along the margin. Giant 
colony on malt gelatin: after 45 days at 
15°-20°C, 
volcano, at the center of which one de- 


round colony raised like a 


pression is formed, finely wrinkled sur- 
face, radially striated fringe and many 
fine transverse striations, lobulate and 
somewhat irregular margin, light-buff. 
Slide culture: pseudomycelium is formed 
on potato glucose agar under cover slip 
at the end of 3 days at 25°C. Sporula- 
tion: usually asci are easily formed on 
malt agar; ascospore globose, smooth 
in surface, measuring 3.54—4 in dia- 


Growth in malt extract: after 7 days 
TC 


‘ 


Fig. 2. Saccharomyces cerevisiae Hansen 
var. tetrasporus. Various stages in the con- 
jugation of two ascospores in an ascus at the 
germination. 

a, conjugation of two spores, 

.b, germination, 

c, a new vegetative cell has appeared, 

d, side view of the conjugation. 
(one unit scale represents 1.0y) 
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meter, containing one large oil drop, 
this property is especially ascribed to 
the present yeast. Fermentation: glu- 
cose, saccharose, maltose, raffinose, and 
inulin are positive; galactose and 
lactose, negative. Sugar assimilation: 
glucose, galactose, saccharose, and mal- 
tose are positive but lactose, negative. 
Assimilation of potassium nitrate: absent 
(although one of isolates assimilated 
weakly). 


There is no doubt that this yeast 
belongs to the genus Saccharomyces in 
morphological characteristics, as well 
as in behaviors towards sugar fermen- 
tation and assimilation. One of the 
noteworthy physiological characters of 
the present yeast is the ability to 
ferment inulin. There are only three 
species belonging to the genus Saccharo- 
myces, having the ability to ferment 
inulin» They are S. fragilis, S. marxi- 
anus, and S. rosei. The differences 
between the present strain and the 
above mentioned species are shown as 
follows :1D 


Fig. 3. Saccharomyces sp. I. 


a, Vegetative cells containing several oil drops of various sizes (in the upper part 
of the photo), and asci in eaeh of which two spores containing large oil drops are 
found (in the lower part and near the center of the photo), on malt agar, 14 days, 
ate2b Onc xi1800)) ; se 

b, Two asci; in this figure emphasis is placed on the showing of the large oil drop in 
an ascospore. ( x 2500) 

c, Pseudomycelium, on potato gulucose agar under cover slip, after 3 days, at 25°C. 
(one unit scale represents 2.5y.) 
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Ascospore Pseudomycelium Maltose fermentation 
S. fragilis kidney-shape present negative 
S. marszianus kidney-shape present negative 
S. rosei globose absent negative 
the yeast globose, contains one present positive 
questioned large oil drop 


This yeast seems to be a new species, the full diagnosis of this yeast will be 


reported in the future. 
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The Stigma Reaction II. The Presence of the Stigma 
Reaction in Intra-specific and Inter-generic 
Pollinations in the Gramineae* 
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In Secale cereale, it has been found by one of the present authors (Kato, 1953) 
that in pollination, stigma cells to which a pollen grain attaches undergo a re- 


* The first report was published b i i i 
y the senior author in Mem. Coll. Sci. iv. 
B, 20. 203-206 (1953). a a ee 
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markable change in stainablility very soon after pollination, and that this change 
can be demonstrated by staining with aceto-carmine or various dye solutions. The 
change is quickly followed by disintegration of the protoplasm and withering of the 
pollen attached cells. To all these changes of the stigma cells due to pollination, 
the term “stigma reaction” has been applied. 

The present authors have been much interested whether this finding holds true 
or not for gramineous plants other than Secale and consequently this present in- 
vestigation was undertaken. 


Materials and Methods 


As materials, various gramineous plants were used, most of which were easily 
obtainable in the neighbourhood of the Kyoto University. Some of these plants 
were kindly offered at our disposal by the Laboratory of Genetics. The stigma 
reaction was examined in pollinations of inter-generic as well as intra-specific com- 
binations. 

In pollination, several procedures were employed. In general a feathery stigma 
dissected from a floret was placed on a microscope slide and mature pollen grains 
freshly obtained were pollinated. The slide was kept in a Petri-dish with or with- 
out a sheet of wet filter paper. In some cases, pollination was made on ears or 
heads borne on plants which were placed in a vase in the room, and the pollinated 
stigmas were subsequently removed. The succeeding pcocedure was the same as 
above. 

Artificial pollination is difficult in some grasses, such as Digitaria ciliaris, Setaria 
viridis and Panicum Crusgalli var. submutica etc. In these grasses, therefore, stig- 
mas which had been pollinated naturally in the field were used for examination. 


Ua? 


Fig.2l.6 


Figs. la and b. Showing stigma reaction. a) Secale cereale x Avena fatua. 6) Triticum 
Spelta x Secale cereale. In the stigma cells to which the pollen grain is attached, 
the nuclei are darkly stained. Further explanation in text. Aceto-carmine prepa- 
ration. Magnification, ca. x 250. 
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In most of the grasses used the stigma reaction can be demonstrated by em- 
ploying aceto-carmine. When the pollinated stigma is treated with this solution, 
the stigma cells to which the pollen grain adheres are stained readily and distinctly 
and the stigma reaction can be ascertained. The non-pollinated cells, on the con- 
trary, remain unstained for a considerable length of time, showing a clear contrast 
with those that are deeply stained. Photomicrogarphs of the stigma reaction are 
shown in Figs. la and 5b (see also, Figs. 1 and 2, Kato, 1953; where the stigma 
reaction in the intra-specific pollination is shown). The detection of the stigma 
reaction with aceto-carmine is indicated by a symbol AC in the following descrip- 
tion. In some grasses this solution is not appropriate, especially in those whose 
stigma cells contain anthocyanin. In such cases, instead of aceto-carmine, aqueous 
solutions of methylene blue and methyl green were used with good results. The 
detection of stain reaction with methylene blue and methyl green are indicated 
by the symbols MB and MG respectively. 

The longer the pollen grain is attached to the stigma, the greater is the satina- 
bility of the stigma cells (Kato, 1953). In the present investigation, the action time 
of pollen, that is, the interval between pollination and application of the dye solu- 
tion was not fixed, since the aim of this investigation was merely to determine 
whether or not the stigma reaction is present. 


Observations 


a) Intra-specific pollinations. In the intra-specific pollination the grasses of 56 
species, 36 in genus, were observed. 


They are as follows: 

Aegilops Aucheri (AC), A. caudata (AC, MB, MG), A. ovata (AC), A. squarrosa (AC), Agropyron 
ciliare (AC), A. semicostatum* (AC, MG), Alopeculus aequalis (AC, MB, MG), Arthraxon hispidus 
(AC), Avena fatua (AC), A. sativa (AC, MB, MG), A. sterilis (AC, MB), Beckmannia erucaeformis 
(MB, MG), Briza minor (AC, MB, MG), Bromus unioloides (AC), Calamagrostis arundinacea var. 
sciuroides (AC, MB, MG), Coix Lachryma-Jobi (AC, MB), C. Ma-yuen (AC, MB), Dactylis glomera- 
ta (AC), Digitaria ciliaris‘ (AC), Eleusine indica (MB), E. indica var. coracana (AC, MB), Era- 
grostis ferruginea (AC)**, Festuca parvigluma (AC, MG), Haynaldia villosa (AC, MG), Holcus 
Sorghum var. japonicus (AC, MB, MG), Hordeum spontaneo-nigrum var. turcomanicum (MB), H. 
spontaneum var. eu-spontaneum (AC, MB), H. vulgare (AC), Leptochloa chinensis (AC, MG)**, 
Lolium multiflorum (AC, MB), Melica nutans (AC), Microstegium vimineum (AC, MB), Miscanthus 
sinensis (AC), M. sacchariflorus (AC), Oplismenus undulatifolius (AC), Oryza sativa* (AC, MB, 
MG), Panicum Crusgalli var. frumentaceum* (AC, MB), P. Crusgalli var. submutica (AC), P. mili- 
aceum* (AC), Pennisetum japonicum (MB), P. typhoideum (AC, MB), Phalaris arundinacea (AC, 
MB), Poa acroleuca* (AC, MG), P. annua (AC, MB), P. nipponica (AC, MB), P. pratensis* CAC, 
MB, MG), Polypogon Higegaweri (AC, MB), Sasa nipponica (AC), Setaria italica* (AC), S. lutes- 


i indicates those plants whose stigma reaction has been ascertained by both authors. 
means that stigma reaction is not distinct with methylene blue. 
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cens (AC), S, viridis* (AC), Trisetum bifidum (AC, MB), Triticale sp. (AC, MG), Triticum mono- 


coccum* (AC), T. orientale (AC, MB, MG), T. Spelta (AC, MB, MG), T. vulgare CAC, MB, MG) 
and Zea Mays* (MB, MG). 


In the above, the arrangement of genera and species is in alphabetical order. 
While there is certain advantage of this arrangement, closely related genera may 
be widely separated in the list. In all cases enumerated above, the stigma reaction 
can be demonstrated. 

In the detection of the stigma reaction aceto-carmine has been tried in all cases. 
In a few grasses, however, the reaction can not be clearly detected with aceto- 
carmine until a pollen tube enters the stigmatic tissue. In order to obtain the stigma 
reaction other dye solutions may be used instead of the aceto-carmine with success- 
ful result. In such cases no symbol AC is noted in the brackets. 

b) Inter-generic pollinations. To determine the stigma reaction in pollinations 
among different genera in the grasses, the following pollinations were studied. 
Agropyron glaucum x Avena fatua (AC), Agropyron glaucum x Triticum monococcum (AC), Agropyron 
semicostatum x Secale cereale. (AC), Agropyron semicostatum x Phleum pratense (AC), Avena fatuax 
Secale cereale (AC), Avena sativa x Secale cereale (AC), Avena sativax Triticum monococcum (AC), 
Briza minor~x Avena sativa (AC), Hordeum spontaneum var. eu-spontaneum x Secale cereale (MB), 
Hordeum vulgare x Secale cereale (AC), Hordeum vulgare x Triticum vulgare (AC), Oryza sativax 
Pennisetum japonicum (MB), Oryza sativa x Coix Lachryma-Jobi (AC), Oryza sativa x Phleum pratense 
(AC), Oryza sativa x Secale cereale (MB), Oryza sativax Zea Mays (MB), Poa pratensis x Triticum 
vulgare (AC), Phalaris arundinacea x Agropyron semicostatum (AC), Phleum pratense x Agropyron 
semicostatum (AC), Secale cereale x Agropyron semicostatum (AC), Secale cereale x Alopeculus fulvus 
(AC), Secale cereale x Avena fatua(AC), Secale cereale x Avena sativa (AC), Secale cereale x Hordeum 
vulgare (AC), Secale cerealex Phalaris arundinacea (AC), Secale cereale x Triticum monococcum 
(AC), Secale cereale x Triticum Spelta (AC), Secale cereale x Triticum vulgare (AC), Secale cereale x 
Zoysia pungens var. japonica (AC), Setaria viridisx Phleum pratense (AC, MG), Setaria viridis x 
Secale cereale (AC), Triticum monococcum x Agropyron glaucum (AC), Triticum monococcum x Avena 
sativa (AC), Triticum monococcum~ Secale cereale (AC), Triticum Speltax Secale cereale (AC), 
Triticum vulgarex Hordeum vulgare (AC), Triticum vulgare x Secale cereale (AC), Zea Mays x 
Oryza sativa (MB). 

The inter-generic pollinations observed were 38 in all, 24 of which were recip- 
rocal pollinations. In each of the reciprocals, the stigma reaction was clearly 
demonstrated with the test solutions, either AC or MB. The stigma reaction was 
also observed in the remaining 14 inter-generic pollinations. 

The stigma reaction in the inter-generic pollinations are shown in photomicro- 
graphs in Figs. 1a and 6. In Fig. 1a a single pollen grain of Avena fatua is attached 
to the stigma of Secale cereale. In the stigma cell, to which the grain attaches, 
and its neighbouring cells, the nuclei are stained while the other cells of this stigma 
remain unstained. The pollinated stigma is markedly contrasted to the non-polli- 
nated ones with unstained nuclei. Fig. 16 shows the stigma reaction in the pollina- 
tion Triticum SpeltaxSecale cereale. In this figure a pollen grain of Secale is 
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attached to the stigma of Triticum. In the upper part of the stigma filament, to 
which the pollen grain is attached, the cell nuclei are deeply stained in three or 
more cells. The pollen tube is seen entering the stigmatic tissue. In the non-polli- 
nated stigma filaments in the same figure the nuclei remain unstained. 

Some remarks on the pollination between Avena and Secale will be mentioned. 
In the pollination Avena fatuax Secale cereale, pollen grains of the latter species 
may germinate on the stigma cells of the former, but many of the pollen grains 
burst before their pollen tube emerges. And if emerged they burst frequently at 
their end. On the other hand, in the case of the reciprocal pollination, Secale cere- 
alex Avena fatua, many of Avena pollen grains shrink on ‘the Secale stigma and 
are difficult to germinate. In both reciprocal pollinations, however, the stigma 
reaction is recognizable, in spite of the different behavior of pollen grains on stigma 


cells. 
Discussion 


As mentioned above, in all of 94 cases of different pollinations examined, in- 
cluding 56 intra-specific and 38 inter-generic pollinations, the stigma reaction can be 
recognized and no exceptional case is observed. In the inter-generic pollinations, 
there is no difficulty in obtaining the stigma reaction between any two species 
which are remotely related taxonomically. This finding is contrary to our expecta- 
tion that there might be differences in stigma reaction, according to the taxonomic 
relationship within the Gramineae. As far as the present investigation goes, it is 
highly probable that this phenomenon of the stigma reaction occurs throughout the 
Gramineae, not only in self pollination of a species but also in any cross pollination 
within the family. It may be noteworthy that the stigma reaction occurs only 
occasionally when gramineous stigma is pollinated by pollen of other monocotyled- 
onous families. In some dicotyledonous plants the stigma reaction can also be 
proved to be present, if intra-specific pollination is made. These observations will 
be reported later. 

Stigma reaction may be of some practical importance. Under. certain circum- 
stances where several species of cereals are cultivated closely in the field, stigmas 
of one species are apt to be pollinated, not only by its own pollen but also by 
foreign pollen. Consequently, in some stigma cells the stigma reaction takes place 
due to the foreign pollen grains, since this reaction is common in all grasses and 
it is always positive in any cross pollination. In such cases if the stigmas of a 
species are withered by attachment of foreign pollen grains, self pollination may 
be hindered, and fertility of the grass would be decreased. 


Summary 


1) The stigma reaction is a change which is taken place in the stigma cells, 
following the attachment of pollen grains to them. The reaction can be demon- 
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strated with aceto-carmine and other dye solutions, by showing that the stigma 
cell with a pollen grain is more easily stained than those cells without a pollen 
grain. 

2) The stigma reaction is widely recognizable among gramineous plants. In 
the present investigation, 94 cases of pollination, 56 intra-specific and 38 inter-generic 
pollinations, have been examined. In all these cases the stigma reaction has been 
ascertained. 

Accordingly, it may be believed that the stigma reaction is a general phe- 
nomenon taking place in any pollination in gramineous plants, whether it is intra- 
specific or inter-generic. 

3). A brief discussion on the possible practical importance of stigma reaction 
is presented. 


We take this opportunity of thanking Prof. N. Shinke, Botanical Institute, and 
Prof. S. Imamura, Laboratory of Applied Botany in Kyoto University, for their in- 
terest and criticism throughout the investigation. 
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Rhizosolenia acuminata (Peragallo) Gran (P1. I, Figs. la-c), Hustedt, Kieselalg. 
1: 605, fig. 350 (1930); Mills, Index Diat. 1399 (1934); Gaarder, Bacill. Rep. Michael 
Sars, 2: 22, Fig. 8 (1951); Proschkina-Lavrenko, Diat. Black Sea, 94 (1955). 

L.M.S.2) (Fig. a) Cells with fairly drawn out, obliquely conical calyptrae, about 
700-950 long and about 70-1504 in diameter. Seta short, about 20-504 long. Wings 
at the base of seta distinct. Calyptra with distinct mark for seta and wings of the 


* Botanica! Laboratory, Kyoto University of Industrial Arts and Textile Fibers, Kitaku, Kyoto. 
ALE OMAL OEE OS. ’ , 

1) Hitherto, the following species of this genus were researched with the electron microscope : 
Rh. alata (Okuno, 1952), f. indica (Desikachary, 1954), and f. inermis (Okuno, 1952); Rh. bidens 
(Okuno, 1952); Rh. hebetata f. semispina (Okuno, 1952, 1954) ; Rh. imbricata var. Shrubsolei 
(Desikachary, 1954, Probably misidentification of Rh. styliformis or its variety) ; Rh. styliformis 
(Helmcke & Krieger, 1953), var. Jatissima (Okuno, 1952), and var. longispina (Okuno, 1952); Rh. 
Temperei (Okuno, 1952). 

2) L.M.S.: Light-microscopic structure. 
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adjacent cell. Intercalary bands rhomboidal, arranged in longitudinal and two oblique 
rows about 3 in 100u. Hustedt suggested that this species may be a slender form 
of Rh. Temperei. In my specimens, the large cells about 170u long were provided 
with lower conical calyptra as those of Kh. Temperei. 

E.MS.2 (Figs. b, c) Materials were observed by their direct preparations. The 
general fine structure of the loculi in this species is much the same as in Rh. Tem- 
perei (cf. Okuno, Pot. Mag. Tokyo, 65: 162, pl. 2, figs. 3-3/, 1952). Loculi on the 
calyptra usually rectangular or subrectangular, arranged in longitudinal rows about 
21-24 in 10, radiating downwards from the apex. Sieve membrane of the loculus 
probably on the outside, and usually has 3-4 short slit-like sieve pores about 70- 
130mp long and about 40-60my broad. In smail loculi, the number of sieve proes 
sometimes reduced to one. Ina loculus sieve pores usually arranged in a transverse 
row, but rarely in row of other various directions. The cover membrane is probably 
on the inside, leaving a large subrectangular opening in the center. Loculi on the 
intercalary band rectangular, about 500-600my square, rarely irregularly hexagonal, 
arranged in longitudinal and two indistinct oblique rows about 15-18 in 10u. Sieve 
membrane (sm) probably on the outside, and has about 4-6 (usually 4) slit-like sieve 
pores (sp) about 70-130my long and about 40-60my broad. Sieve pores arranged 
in a transverse row in the middle of the sieve membrane. Along tbe borders of 
intercalary bands, the shape of loculi and the direction of the rows of sieve pores 
often irregular. In addition to the sieve pores, very minute pores or poroids are 
occasionally scattered on the sieve membranes. Cover membrane (cm) of the loculus 
well developed, leaving a round opening (ec) 250-450mpz diameter in the center. 
In the loculus, beside the sieve and cover membranes, a very thin, funnel-shaped 
diaphragm (?) with a small round opening (od) is often found, but its details 
could not be discerned in the present research. In my present specimens, the 
rhomboidal intercalary bands, on their two sides remoter from the calyptra, have fine 
connective teeth (¢) about 5-7 in lu, and at the conjunction of calyptra and the 
adjacent intercalary band, the teeth are found on the side of the intercalary bands. 

Habitat: Marine plankton. Japan Sea (36-36.4N ; 134-32.2E. 36-20.7N ; 134 -53.0E) 
(Okuno, Nos. m450, 452. Jul. 1950. Collected by H. Maeda). Oki Island, Shimane 
Prefecture (Okuno, No. m1030. Oct. 1955). 

Rhizosolenia hebetata (Bailey) Gran f. hiemalis Gran (P1. I, Figs. 2a, b), Pera- 
gallo, Diatomiste, 1, pl. 18, fig. 10 (1892); Akatsuka, Plank. Diat. Takashima: Jot, Di 
7, fig. 4 (1914); Mills, Index Diat. 1405 (1934); Cleve-Euler, K.V.A. Handl. 2, 0. ss 
89, fig. 170a (1951). 

L.M.S. (Fig. a) Cells about 25-334 in diameter and up to 500u long. Calyptra 
drawn out. Seta short, thickened, obtuse at the end, with a distinct hollow at the 
base. Intercalary bands rhomboidal, arranged in two alternating dorsiventral rows. 


3) E.M.S.: Electron-microscopic structure. 
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E.M.S. (Fig. b) Materials were observed by their direct preparations. Loculi 
on the intercalary bands are arranged in three lines decussating at about 60 degrees, 
about 23-27 in 104. Loculus hexagonal, with a sieve membrane probably on the out- 
side, and a cover membrane probably on the inside. The sieve membrane has a 
longitudinal slit-like sieve pore about 30my broad. Cover membrane well developed, 
with around opening about 200my in diameter. In the present research, the lateral 
membrane of the loculus could not be revealed. The loculus of Rh. hebetata f. 
semispina (Text Fig. 1A; Pl. I, Figs, 3a, b) is much the same in shape and structure 
as that of the present form, differing only in having two longitudinal sieve pores 
(cf. Okuno, Journ. Jap. Bot. 29: 18, pl. 1, fig. 1, pl. 2, figs. 1, 1’. 1954). Such an 
electron-microscopical dimorphism of the sieve membrane of Rh. hebetata, in which 
the one has a sieve pore (f. hiemalzs) and the other two sieve pores (f. semispina), 
recalls the light-microscopic dimorphism of the present species reported by Meunier 
(1910, p. 254), Akatsuka (1914, p. 37), Hustedt (1930, p. 129), Cupp (1943, p. 88, 89), 
and Cleve-Euler (1951, p. 90). By these investigators, such an interesting inter- 
mediate form between f. hkiemalis and f. semispina was reported, which on one end 
had a short seta of f. hiemalis, and on the other end a long, slender seta of f. 
semispina. And Meunier named such an intermediate form as Rh. hebetata f. hetero- 
thrix. Akatsuka reported that such intermediate cells were found frequently from 
November to April at Takashima, Hokkaido. Hustedt commented as follows: “Gran 
fand Teilungsstadien von Rh. hebetata, die als Tochterzellen von Rh. semispina 
ergaben, und aus der geographischen Verbreitung beider Formen kann man darauf 
schliessen, dass ein Dimorphismus vorliegt, in dem Rh. hebetata die Winterform 
oder Ruheperiode der Rh. semispina darstellt.’” In my samples from the Bering Sea 
(Jul. 1955) and Northern Pacific Ocean (Jun.-Jul. 1952), I found both f. hiemalis and 
f. semispina, but no f. heterothrix, and I found many cells of f. semispina in my 
samples from the Antarctic Ocean (Nov.-Dec. 1951. Jan.-Feb. 1952). Thus f. semispina 
showed a bipolar occurrence. In f. semispina, teeth (t) of the intercalary bands were 
distinctly observed. Further, judging from the electron micrographs of loculi of f. 
semispina photoed at various angles, the sieve membrane is distinctly on the outside 
and the cover membrane is on the inside of the loculus!’, and each side of the lateral 
membrane is perforated by a large subrectangular lateral pore by which the neigh- 
bouring loculi can communicate with each other as in Coscinodiscus concinnus (cf. 
Okuno, Bot. Mag. Tokyo, 68: 125, Text fig. 2A. 1955). Details of the structure of the 
loculi of f. semispina are shown diagrammatically in Text fig. LA. In my researches 
on Rh. alata f. inermis>, Rh. bidens®, Rh. styliformis var. longispina”, and Rh. Tem- 


4) Cf. Okuno, Journ. Jap. Bot. 29: 18, Pl. 1, Fig. 1, Pl. 2, Figs. 1, 1’ (1954). 

5) Okuno, 1. c. 27: 354. Text Fig. 1A; Pl. 2, Fig. 6” (1952). 

6) , 1. c. 27: 352, Text Fig. 1B; Pl. 2, Figs, 3/-3/’ (1952). 

7) i ce Of at, Pi. 1, Fig. 1’; 2. ool, Lest: Wig.c1D, Ple2, ngs. Ll!" (1952). 
8) . 1. c. 27: 47, Text Fig. 1A, Pl. 1, Fig. 2 (1952). 


Text Fig. 1. Diagrams of fine structure of loculi on intercalary band. A. Rhizosolenia 
hebetata f. semispina (cf. Pl. I, Fig. 3b). B, RA. styliformis var. latissima (cf. Pl. II, Figs. 2b-d) - 
I, Viewed from obliquely above. II, Idealistic longtitudinal section. cm, Cover membrane. 
lm, Lateral membrane. /p, Lateral pore. oc, Opening of cover membrane. fd, Poroid. sm, 
sieve membrane. sf, Sieve pore. 


perei®, the sieve membranes were found on the outside of the loculus and the cover 
membranes on the inside. Whereas, Desikachary reported that in Rh. imbricata 
var. Shrubsolet and Rh. alata f. indica, the sieve membrane is on the inside and 
the cover membrane on the outside (Desikachary, Mikrosk. $: 170, 172. 1954), al- 
though in his description, unfortunately, I could not find the reason for his opinion. 

Habitat: Marine plankton. f. hiemalis. Northern Pacific Ocean (50-30N; 175- 
47E. 49-30N; 164-4E. 50-00N; 179-37E) and Bering Sea (53-02N; 172-00E. 53-50N; 
178-52W ). (Okuno, Nos. m710, 726, 807—Northern Pacific. Jun.—Jul. 1952. Collected by 
H. Maeda. Nos. m 1040, 1055-Bering. Jul. 1955. Collected by S. Motoda.) 

f. semispina.. Bering Sea (52-15N; 161-09W). (Okuno, No. ml065, Jul. 1955. 
Collected by S. Motoda.) 

Rhizosolenia imbricata Brightwell var. Shrubsolei (Cleve) Schréder (PI. J, Figs. 
4a, b), Hustedt, Kieselalg. 1: 584, fig. 332 (1930); -Mills, Index Diat. 1405 (1934) ; 
Desikachary, Mikrosk. 9: 174, fig. 19 (1954). 

-L.MS. (Fig. a) Cells about 8-20 in diameter, and about 250-600 long. Calyptra 
obliquely pointed. The seta with small wings at the base. Calyptra with distinct 
impression of the seta and wings of the adjacent cell. Intercalary bands subrhom- 
boid, arranged in two pervalvar rows. Intercalary bands with rows of parallelo- 


gramatic loculi running fan-like from the longitudinal axis toward the side, about 
12-18 in 10u. ' 
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E.M.S, (Fig. b) Materials were observed by their direct and formval prepara- 
tions. Loculi on intercalary bands show very characteristic shape and structure. 
They are parallelogramatic, about 400-900mp long and about’300-450my broad; at 
the border of the bands, often much smaller. Loculi have a sieve membrane prob- 
ably on the outside, and a rudimentary cover membrane probably on the inside. The 
sieve membrane is very thin, with a slit-like diagonal sieve pore. Sieve pores about 
40-50my broad, usually parallel in a row of loculi. Cover membrane of the loculus 
rudimentary, marginal, leaving a large, subparallelogramatic opening. Details of the 
lateral membranes of the loculi could not be revealed. Desikachary published five 
electron micrographs under the name of the present variety (Desikachary, Mikrosk. 
9: 171, figs. 5-9. 1954). But his micrographs show loculi of quite different struc- 
ture as compared with those of my present micrographs. His micrographs show 
loculi rather similar to those of Rh. stylifomis var. longispina (cf. Okuno, Journ. Jap. 
Pot. 27: 351, Text fig. 1D, pl. 2, figs. 1-1/’. 1952). Further, in his description no basis 
was shown by which he identified his specimens .as Rh. imbricata var. Shrubsolei. 
Thus I regard his figs. 5-9 are not of the present variety, but of Rh. styliformis or 
its variety. On the other hand, his micrograph in fig. 19, which he described as of 
Rh. sp., is not at all clear, but shows the same parallelogramatic loculi and the 
diagonal sieve pores as of the present variety. And I regard his fig. 19 as probably 
representing Rh. imbricata or its var. Shrubsolet. 

Habitat: Marine plankton. Kariya and Sano, Awaji Island, Hyégo Prefecture 
(Okuno, Nos. m863, 865, 989. Aug. 1953, 1954). East China Sea (32-50N; 123-15E. 
32-54N; 124-12E) COkuno, Nos. m930, 932. Sep. 1953. Collected by H. Maeda). 

Rhizosolenia robusta Norman (PI. IJ, Figs. la-c), Castracane, Rep. Challenger, 
Bot, 2: 73, pl. 24, fig. 5 (1886); Mills, Index Diat. 1408 (1934); Cupp, Bull. Scrips 
Inst. Ocean. 5: 83, fig. 46 (1942). 

L.M.S. (Fig. a) Cells very large, about 200-250” in diameter and up to 1mm 
long. Usually living singly. Calyptra asymmetrically conical and curved at the end. 
Seta very short. Intercalary bands collar-shaped, parallel. 

E.M.S. (Figs. b, c) Materials were observed by their direct preparations. Frustule 
pores both on calyptrae and intercalary bands are locular. Loculi usually hexago 
nal. On calyptrae, the loculi arranged in longitudinal and two indistinct. oblique 
rows. Longitudinal rows about 22-24 in 10u, in each row loculi about 14-17 in 10y. 
On intercalary bands, loculi arranged in three lines décussating at about 60 
degrees. The longitudinal lines about 20-28 in 10, in each line loculi about 
20-26 in 104.. Loculi usually hexagonal with normal size, but in my specimens their 
walls are remarkably thicker than in the other species of the same genus, and the 
dimension of the cavity of loculus is exceedingly reduced. Sieve membrane is prob- 
ably on the outside of the loculus, with a linear sieve pore about 200-400myp long 
(rarely reduced to 100m) and about 30-50my broad. Sieve pores usually lie in 
longitudinal direction both on calyptrae and on intercalary bands, but very rarely 
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in other directions. Lateral pores of the loculus probably absent. Opening of the 
cover membrane rounded, about 230-400my in diameter. Borders of the intercalary 
bands have delicate teeth (CZ). 

Habitat: Marine plankton. Nishimaizuru, Kyoto Prefecture (Okuno, No. m397. 
Feb. 1950. Collected by H. Maeda). Kariya, Awaji Island, Hyégo Prefecture (Okuno, 
No. m863. Aug. 1953). 39-00N; 153-00E. (Okuno, No. m977. Nov. 1952. Collected by 
R. Marumo). 

Rhizosolenia styliformis Brightwell var. latissima Brightwell (Text Fig. 1B; PI. 
II, Figs. 2a-d), Hustedt, Kieselalg. 1: 586, fig. 335 (1930); Mills, Index Diat. 1410 
(1934); Okuno, Journ. Jap. Bot. 27: 352, Pl. 2, Figs. 2-2’” (1952). 

L.M.S. (Fig. a) In my specimens, cells about 130-200 in diameter and about 
700m long. Calyptra obliquely pointed, lower than in the type. Seta short, about 
20-254 long, with two wings at the base. Valve with distinct impression of both 
seta and wings of the adjacent valve. Intercalary bands scale-like, arranged in dorsi- 
ventral rows, narrower and more numerous than in the type, about 6-8 in 100. 
Loculi on calyptra arranged in longitudinal rows about 15-18 in 10yn, in each row 
about 17-25 in 10%. Loculi on intercalary bands arranged in three lines decussating 
about 60 degrees, about 10-20 in 10. 

E.MS. (Text Fig. 1B; Figs. b-d) I have already reported some of the fine struc- 
ture of the loculi of the present variety from the Antarctic Ocean (Okuno, Joura. 
Jap. Bot. 27: 352, pl. 2, figs. 2-2”, 1952). Here I will describe the similar and more 
or less modified fine structure of the loculi of the same variety collected from the 
East China Sea, Tsushima Strait, and Tanabe Bay. In the present specimens, the 
loculi on the calyptra usually rectangular (Fig. b), rarely rounded, each with a sieve 
membrane probably on outside and a cover membrane probably on inside. Sieve 
membrane has about 2-4 round sieve pores about 50-60my in diameter on the corners 
or on the margin, but they are fairly variable in position and in number. Cover 
membrane somewhat broad, with a large subrectangular opening. Loculi on the inter- 
calary bands usually hexangonal, each with a sieve membrane (sm) probably on 
the outside and a cover membrane (cm) probably on the inside. Sieve membrane 
with six round sieve pores (sp) about 50-80my in diameter on the corners, and alter- 
nating often with six poroids (fd) on each side, which are of the same shape and 
size as the true sieve pores. In some specimens from the East China Sea, the sieve 
membranes densely scattered with fine dot-like pores beside the sieve pores and 
poroids. Lateral membrane (/m) about 50-70my thick, with a large subrectangular 
lateral pore (Jp) on each side. Cover membrane marginal, with a large round 
opening (ec) about 400-500mp in diameter. Teeth on the border of intercalary bands 
distinct, about 400-500my long, and about 6-7 in lp. At the conjunction of ‘calyptra 


and the adjacent intercalary band, teeth were found on the side of intercalary band 


and attached to the inside of the calyptra. Desikachary published five electron 


micrographs under the name of Rh. imbricata var. Shrubsolei in Mikrosk. 9: 170, 
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Plate I. Figs. la-c, Rhizosolenia acuminata. a, End part of cell. b, Portion of calyptra. 
c, Portion of intercalary band.2 a, b, Rh. hebetata f, hiemalis. a, Girdle view of cell. b, 
Portion of intercalary band. 3a, b, f. semispina. a, Part of cell. b, Portion of intercalary 
band (cf. Text Fig. 1A). 4a, b, Kh. imbricata var. Shrubsolei, a, End part of cell. b, Portion 
of intercalary band. bi, Border of intercalary band. cm, Cover membrane. Jm, Lateral mem- 
brane. oc, Opening of cover membrane. od, Opening of diaphragm. sm, Sieve membrane. 
sp, Sieve pore. ¢, Tooth. (a, Light micrograph. Scale: 10u. b, ¢, Electron micrograph. 
Scale: 1p.) 


H. Okuno: Fine structure of diatom frustules 


Plate II 
Bot. Mag. Tokyo Vol 70 


c, Border of intercalary band, sho 
view of cell. 


» Rh. styliformis var. latissima. a, Girdle 


om obliquely above (cf. 
- 3, Rh. longiseta; portion of intercalary bands. h, Hole. Ip, Lateral pore. pd, 


Poroid. (a, Light Micrograph. Scale: 10. b-d, Electron micrograph. Scale: Ip.) 


H. Okuno: Fine structure of diatom frustules 
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figs. 5-9 (1954), which show the loculi as of the same structure as the present va- 
riety. On the other hand, according to my research, the structure of the Rh. imbri- 
cata var. Shrubsolei shows quite a different structure as described in the present 
paper (Pl. I, Fig. 4b). And judging from the strongly drawn-out calyptra and the 
structure of loculi, I regard Desikachary’s Figs. 5-9 as being of Rh. styliformis or 
its var. longispina. Helmcke and Krieger published some electron micrographs of 
Rh. styliformis in their Diat. Elektr. Bild, 1, pl. 30 (1953) but unfortunately I have 
hot yet been able to see them. 

Habitat: Marine plankton. Tanabe Bay, Wakayama Prefecture (Okuno, No. 
m569. Nov. 1950). East China Sea (32-54N; 124-12E.) (Okuno, No. m932. Sep. 1950. 
Collected by H. Maeda). Tsushima Strait. (Okuno, No. m1000. Jun. 1955. Collected 
by H. Maeda). 

Rhizosolenia longiseta Zacharias (Text Fig. 2; Pl. II, Figs. 3), Hustedt, Siissw. 
Diat. 31, pl. 1, fig. 1 (1914); Mills, Index Diat. 1406 (1934); Cleve-Euler, K.V.A. Handl. 
2,,n0., 1:90, fig. 172 (1951). 

L.M.S. (Text Fig. 2) Cells usually solitary. Frustules cylin- 
drical, in my specimens often slightly swollen in the middle 
(Fig. 2b). Cleve named such a swollen form as var. Levanderi 
(1915). Length about 100-210; diameter about 6-13y. Calyptra 
elongated, with a long seta about 100-130u long. Intercalary 
bands half-collar-shaped, about 2-3 in 10. 

E.M.S. (Fig. 3) Materials were observed by their direct 
preparations. Frustules thin, perforated by subrectangular holes 
(h) about 50-100mp long and about 30-50my broad. Holes 
arranged in dense longitudinal rows about 60-65 in 10, in each 
row holes about 40-50 in 10m. Borders of the intercalary bands 
(67) thickened, probably without teeth. Marine Khizosolenia 
species hitherto researched showed, without exception, more or 
less complex loculi. And the present fresh water form was the 


I only species which showed non-locular frustule pores, the holes. 
Wall of the seta perforated at its base by dense holes a little 
aun smaller than those on intercalary bands. At the distal part of 
PetsBige Zo) the seta, I could not see sure evidence of the holes, though 
Rhizosolenia longi- 
seta.Linear (a) and there were indications of their presence. 
swollen? (h}iicelis: Habitat: Fresh water plankton.. Biwa Lake, Shiga Prefec- 


(Scale: 10p.. ) 
ture (Okuno, No. 1556. Jun. 1950). 
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Reports concerning the marginal growth of dicotyledonous leaves were reviewed 
thoroughly by Foster (1949) and Esau (1953). According to Foster (1936, cf. Foster, 
1937), the results obtained by the previous investigators indicate a general agreement 
in one important point—viz., the outermost layer of cells at the leaf margin represents 
an independent histogen which corresponds in its growth and anticlinal plane of 
cell division to ‘‘dermatogen” and marginal initials give rise solely to the epidermis. 
In subsequent reports (e.g. Girolami, 1954) this fact is also invariable so far as it 
concerns the ordinary leaves of dicotyledons. Inside marginal initials of these leaves 
submarginal ones are generally observed, and their types were discussed by many 
workers. Foster (1936, cf. Esau, 1953) showed two types, that is, in the first type, 
submarginal initials contribute to the formation of the adaxial, middle, and abaxial 
layers, and the middle one further gives rise to the middle mesophyll and the pro- 
cambium, while in the second type, they form only the adaxial and abaxial layers, 
and the latter one gives rise to the middle layer which further differentiates into 
the middle mesophyll and the procambium. Gifford (1951) found a different type***, 
on the basis of Drimys Winteri var. chilensis, in which submarginal initials produce 
at first the adaxial and abaxial layers, and the adaxial layer gives rise to the middle 
layer which further differentiates into the middle mesophyll and the procambium. 
On the other hand, Schneider (1952) recognized two types, that is, PA- and ZS-Types. 
In the former, submarginal initials divide in periclinal and anticlinal planes, while 
in the latter, they divide only in oblique plane. 

In these reports concerning the marginal growth in dicotyledonous leaves, ex- 
ceptions were observed by Renner (1936) and Renner and Voss (1942, cf. Esau, 1953) 
in certain variegated leaves such as those of Sambucus nigra, Veronica gentianoides 
and Pelargonium zonale. In these.cases periclinal divisions in the protoderm may pro- 
duce white margins, but. no such evidence is observed in normal green leaves in these 
species. In variegated leaves of Daphne odora and Fragaria chiloensis this fact has 
been also suggested by Imai (1936), though he submitted no such histogenetic evidence 
as Renner’s observation. Although Foster (1937) reported in bud scales of certain 
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species of Rhododendron that marginal initials divide in oblique and periclinal planes, 
the process of development of the scale leaf is not always the same with that of 
the foliage leaf (cf. Cross, 1938). Thus, if our attention is restricted to the marginal 
growth of the dicotyledonous foliage leaf, exceptions are represented only by certain 
variegated leaves mentioned above. 

Recently, the writer had an opportunity to observe the ordinary foliage leaf of 
Daphne odora of the Thymelaeaceae and found that the marginal growth in this leaf 
shows an exceptional type resembling certain variegated leaves in dicotyledons. 
Moreover, during the writer’s studies on the structure of the shoot apex and the 
development of the leaf in the Ericaceae and its allies, he found that the marginal 
growth of the leaf of Tripetaleia paniculata shows the similar type to that of Drimys 
Winteri. ‘These will be reported in this paper, and the developmental process of the 
marginal growth of a few other species in the Ericales will also be reported for the 
sake of comparison in discussing the standard types of the marginal growth of the 
dicotyledonous foliage leaves. 


Materials and Methods 


The leaves of Daphne odora Thunberg were obtained at the University of Tokyo, 
and those of Tripetaleia paniculata Sieb. et Zucc., Pieris japonica D. Don, and Clethra 
barbinervis Sieb. et Zucc. were obtained mainly in the Nikko Branch, Botanic Gardens 
of the University of Tokyo. 

Materials were fixed in FAA, dehydrated in normal butyl alcohol, cut at 10n, 
and counterstained with haematoxylin and fast green. 

In all cases median cross sections of leaves in various developmental stages were 
observed for comparison. 


Observations 


Daphne odova. As is shown in Fig. 1, the primordium of the leaf initiates from 
the shoot apex.following the ordinary ; cat 
process of the dicotyledonous leaf. 
Before the marginal growth initiates, 
the protoderm surrounding the pri- 
mordium undergoes here and there 
frequent periclinal divisions, which are 
not the ordinary feature of the dico- 
tyledonous leaf. The initiation of the 
marginal growth is recognizable by 
protruding of marginal stripes on both 
sides of the adaxial part. of the pri- we ves 


motdium. As soon as the marginal Fig. 1. Longitudinal section of a shoot apex 
of Daphne odora, with leaf primordia ( x 150). 
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growth initiates, marginal initials re- 
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peatedly divide in anticlinal plane to the leaf margin and give rise to the upper and 
lower protoderms (PI. III. A), the growth in surface of the protoderm being accompli- 
shed by the further anticlinal divisions and cell enlargement of their derivatives. The 
marginal initials, however, also divide very frequently in oblique plane, forming the 
biseriate margin (PI.]II.B,F), and cells on the biseriate margin divide in periclinal 
plane to the leaf surface, forming inner layers of the leaf. Moreover, it is interesting 
enough that we can observe occasional periclinal divisions to the leaf margin in 
cells of marginal initials (Fig. 2. A, Pl. III.C,G), and even periclinal ones to the leaf 
surface in protodermal cells closed to marginal initials (PI. 1]I.D, H). So that, no stable 
submarginal initials are recognizable in this instance. In developing lamina, one or 
a few isolated mesophyll cells are often found in the biseriate margin (PI. III. E). 
These cells arise obviously from marginal initials or their derivatives. 

Thus, the growth in inner layers as well as upper and lower protoderms is ac- 
complished by the activity of marginal initials over the greater part of the leaf, 
excepting the median part of the leaf, which is considered to arise from the second 
cell layer of the shoot apex. The mature leaf has an uniseriate epidermis around 
the mesophyll, and has only a few vestiges of oblique divisions on its margin (PI. III. 1). 
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Fig. 2. Cross sections of the margins of the developing leaves. A. Daphne odora ( x 400) 
B. Tripetaleia paniculata (x350), C. Clethra barbinervis (400), D. Pieris japonica ( x 500). 
The adaxial side of the leaf is shown in the upper side of the figure. 


Tripetaleia paniculata. The initiation of the marginal growth can be obscurely 
recognized by the growth of marginal parts of the somewhat flattened cylindrical 
Primordium. In this species there is no abnormal process of the marginal growth 
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as in the case of Daphne odora, but marginal initials divide only in anticlinal plane 
to the leaf margin, and finally give rise only to the uniseriate upper and lower 
epidermis. Submarginal initials divide obliquely, giving rise to the adaxial and abaxial 
layers. Subsequent periclinal divisions occur mainly in the adaxial layer (Fig. 2. B), 
and this layer gives rise to the middle layer which further differentiates into the 
middle mesophyll and the procambium, though very rarely there are exceptional 
instances in which the abaxial layer partly concerns to supply the cells to the 
middle layer. The upper mesophyll arises from the adaxial layer, and the lower 
mesophyll arises from the abaxial layer. 

Clethra barbinervis. The initiation of the marginal growth is recognizable by 
protruding of marginal stripes on both sides of the adaxial part of the primordium. 
As in the case of Tripetaleia paniculata, marginal initials produce the upper and 
lower protoderms, which give rise to the upper and lower epidermis respectively, 
and submarginal initials divide in oblique plane, giving rise to the adaxial and abaxial 
layers. But in this species the abaxial layer concerns the formation of the middle 
layer, which gives rise to the middle mesophyll and the procambium (Fig. 2. C). 
The upper mesophyll arises from the adaxial layer, and the lower mesophyll from 
the abaxial layer. 

Pieris japonica. The initiation of the marginal growth and the activity of the 
marginal initials are the same in the case of Tyvipetaleia paniculata. Marginal 
initials produce only the upper and lower protoderms. But, submarginal initials 
divide in periclinal and anticlinal planes repeatedly. The adaxial and abaxial layers 
arise from submarginal initials by their anticlinal divisions in regard to the leaf 
margin, and the middle one, by their periclinal divisions (Fig 2.D). Because sub- 
marginal initials give rise to directly three inner layers and marginal initials give 
rise to the upper and lower protoderms, the margin of the leaf has five layers at 
the position of the third cell from the marginal initial one. For that reason and 
active divisions of the middle layer in anticlinal plane to the leaf margin, the form 
of the margin of the developing leaf is round in the cross section, while the margin 
of the leaf of the other species used in this study is comparatively tapered. The 
procambium and the middle mesophyll arise from the middle layer, the upper meso- 
phyll-from the adaxial layer, and the lower mesophyll from the abaxial layer. 


Summary and Discussion 

In Daphne odora it is certain that submarginal cells are frequently replaced by new 
cells derived from marginal initials without any stable submarginal initial. Although 
the distinct boundary between the parts derived from the first and the second cell 
layers of the shoot apex cannot be determined, it is also sure that the greater part 
of the mesophyll and the procambium arises from marginal initials, excepting the 
median part derived from the second cell layer of the shoot apex, Thus, we can 
observe in this species that marginal initials devide in oblique and periclinal planes 
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Diagrams 


MARGINAL TYPE (Fig.4, A) 
upper protoderm—eupper epidermis 
mesophyll 
Mi inner layer —| 
procambium 


— » vascular bundle 
lower protoderm—» lower epidermis 


SUBMARGINAL TYPE 
Adaxial Type (Fig. 4, B) 


upper protoderm —»upper epidermis 


adaxial layer ————wpupper mesophy]l 


middle mesophyll 
Mi Smi middle layer —| 
procambium 


——>vascular bundle 
abaxial layer ————» lower mesophyll 


lower protoderm——»lower epidermis 


Abaxial Type (Fig. 4, C) 


upper protoderm——»upper epidermis 


adaxial layer ————» upper’ mesophyll 
middle mesophyll 
Mi Smi = middle layer —| 
procambium 


—-vascular bundle 
abaxial layer ———» lower mesophyll 


lower protoderm——slower epidermis 


Middle Type (Fig. 4, D) 


upper protoderm——-upper epidermis 


adaxial layer ———=——<» upper mesophyll 


4 middle mesophyll 
Mi Smi—— middle layer a 
procambium 


——»vascular bundle . 


abaxial layer ———-» lower mesophyll 


lower protoderm— lower epidermis 


Examples 


Daphne odora 


Drimys Winteri (Gifford, 1951) 


Tripetaleia paniculata 


Carya buckleyi (Foster, 1935) 
Morus alba (Cross, 1937) 


Linum usitatissimum 
(Girolami, 1954) 
Clethra barbinervis 


Pelargonium zonale 
: (Noack, 1922) 
Nicotiana Tabacum 


(Avery, 1933) 
Gossypium hirsutum 


. (Gifford, 1953) 
Pieris japonica 


Fig. 3. Diagrams of types of the marginal growth. 
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to the leaf margin from the first till the later stages of the marginal growth. The 
present report may be perhaps the first of this type in ordinary foliage leaves of 
dicotyledons, since such a case has not been reported by any author excepting in 
variegated leaves. 

The type observed in Tripetaleia paniculata is the same with the case of Drimys 
Winteri var. chilensis observed for the first time by Gifford (1951), because the 
procambium arises from the middle layer derived from the adaxial layer. T. pant- 
culata offers the second instance of this type in dicotyledons. 

Clethra barbinervis and Pieris japonica show the common types of dicotyledons 
respectively, which have already been discussed by Foster (1936, cf. Esau, 1953). 

The writer recognized that there exist two major types, the “marginal” type 
and the “submarginal” type, in regard to the marginal growth of the ordinary 
foliage leaves of dicotyledons according to the origin of the procambium. The 
submarginal type can be subdivided into three; the “ adaxial”, ‘‘ abaxial’, and 
“middle” types. The procambium arises from the adaxial layer in the first type, 
from the abaxial in the second type, and, in the third type, from the middle layer 
which arises from the submarginal initials directly. These patterns of the marginal 
growth are represented diagrammatically in Fig. 3 (cf. Fig. 4). 

The leaf of one species shows, however, not always the only one type, but there 


Fig. 4. Schematic representation of types of the marginal growth. A. Marginal Type, 
B-D. Submarginal Type, B. Adaxial Type, C. Abaxial Type, D. Middle Type, Mi: 
marginal initial cell, Smi: submarginal initial cell, pc: procambium. The adaxial 
side of the leaf is shown in the upper side of the figure. 
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are fluctuations in developmental stages even in one and the same lamina, as shown 
by Gifford (1951) and Schneider (1952), and in parts of one lamina, as shown by 
Girolami (1954). Moreover the type of the marginal growth can be shifted experi- 
mentally, as shown by Gifford (1953). Cross (1937b, 1938) reported that there are 
many variations in the form of submarginal initials in different leaves or along the 
margin of the same leaf. These facts suggest the existence of some intermediate 
conditions between the abaxial and middle types, and the writer also recognizes 
some examples of intermediate types in his extensive study on the Ericaceae and 
its allies (unpublished). . 

The outermost layer of the leaf primordium of dicotyledons as well as the first 
tunica layer of shoot apex differentiates commonly into an independent histogen, 
which corresponds to ‘‘dermatogen”, and the process of the marginal growth of 
these plants usually shows only the submarginal type. In this regard it is very 
interesting from the phylogenetic standpoint that Daphne odora shows the marginal 
type in its leaf development, which may possibly be considered as a primitive feature 
in the vascular plants. 


The author wishes to express his best thanks to Em. Prof. Y. Ogura and Dr. S. 
Watari for their kind direction and advices. Thanks are also due to Mr. K. Kasahara 
for valuable suggestion concerning the leaf development of Daphne odora. 
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Plate III. Cross sections of leaves of Daphne odora (A-H: young developing leaves, I: ma- 
ture leaf). The adaxial side of the leaf is shown in the upper side of the figure. ACx 350): 
ordinary form of the margin in dicotyledons. BC x 400), F(enlargement of B,x1200): oblique 
division of marginal initial cell, forming biseriate margin, C(x 400), G(enlargement of C, x 1200): 
periclinal division of marginal initial cell, D(=x400), H(enlargement of D, x 1200): periclinal 
divisions of derivatives from marginal initials, E(x 400): a few isolated mesophyll cells in bise- 
riate margin, I(x350): a vestige of oblique division of marginal initial cell. 


N. Hara: On the types of the marginal growth in dicotyledonous foliage leaves. 
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8. Systematic position of the genus Astrebla 


The genus Astrebla comprises four species which are endemic in Australia; A. 
squarrosa C.E. Hubbard, A. pectinacea F. Muell., A. lappacea Domin and A. elymt- 
noides F. Muell. Bentham (1881), Hackel (1887), F. Ballard (1930) and Gardner (1952) 
referred this genus to Chlorideae. But Pilger (1954) placed it under Festuceae- 
Triodiinae together with the genera Tviodia, Plectrachne and Notochloa. According 
to C.E. Hubbard (1928) Astrvebla might be most closely allied to Triodia, especially 
such species as T. lanigera Domin and T. mitchelii Benth. As the species of Astrebla 
have been hitherto scarcely examined cytologically or anatomically, these views are 
wholly based on the characteristics of external morphology. 

Samples of seeds of A. lappacea Domin and A. pectinacea F. Muell. were kindly 
supplied by Dr. W. Hartley and Dr. N. T. Burbidge. They were grown in our ex- 
perimental garden. The author’s observations of their chromosomes and leaf structure 
are reported below. 

Chromosomes!—In both A. lappacea and A. pectinacea forty small chromosomes 
are observed in root tip cells (Fig. 1, E-F). 

Leaf structure—Short club-shaped bicellular hairs and saddle-shaped siliceous 
cells are found in the upper and lower epidermis of both A. lappacea and A. pectz- 
nacea (Fig. 1, C-D). In the upper epidermis of both species, long white hairs are 
visible to the naked eye whose base has a sheath of epidermal cells. Vascular 
bundles of the two species are surrounded by inner and outer bundle sheaths. The 
latter is well developed and includes large amounts of chloroplasts. Surrounding the 
outer sheath, parenchyma cells are distributed radially. Motor cells are well developed. 
Mechanical cells are found above and below the vascular bundles. (Fig. 1, A-B). 

As shown above, the leaf structure of the two Astrvebla species falls under 
Chloridoid subtype of Panicoid type according to Prat’s (1936) classification. Somatic 
chromosomes of A. lappacéa were formerly examined by Brown (1950), who counted 
forty chromosomes in accordance with the author’s finding. The characteristics of 
chromosomes and leaf structure of Astrebla species are in good agreement with 
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1) Methods for chromosome observation—Root tips were fixed by Navashin’s solution, dehydrated, 
and embedded in paraffin. Sections were cut at 15 micra, and stained by Newton’s gentian 
violet method. All the figures were drawn with the aid of an Abbe drawing apparatus. 
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Fig. 1.A,B, Transverse leaf sections of Astrebla lappacea Domin x 300, 
C, Lower epidermis of A. pectinacea F. Muell. x300. D, Bicellular hairs and 
siliceous cells x450. a-b, upper epidermis of A. lappacea. c-d, lower epidermis 
of the same species. e-f, upper epidermis of A. pectinacea. a,c,e, bicellular 
hairs. b,d,f, ciliceous cells. E,F, Somatic chromosomes x 2000. E, A. lappacea 


2n=40. F, A. pectinacea 2n=40. 
those of many species of Chlorideae: with regard to leaf structure, they show Chlo- 
ridoid subtype, and in respect to chromosomes they have b=10 and the chromosomes 
are small. These findings indicate the systematic position of Astvebla in Chlorideae. 
The relationship between Tyiodia and Danthonia was maintained by Burbidge (1953), 
and de Wet (1956) mentioned the anatomical resemblance of the leaves of two 
Danthonia species, D. cincta Nees and D. papposa Nees, with those of some Tyiodia 
species whose leaf anatomy was examined by Burbidge (1946). In leaf structure and 
also in basic chromosome number, Astrebla is Clearly different from Danthonia. 
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The latter has the basic chromosome number of six and its leaf structure is panicoid 
or festucoid, but not chloridoid (epidermis-mostly panicoid; transverse section- 
mostly festucoid) (de Wet 1954, 1956). While there are various reports on the 
chromosomes of Tyvidens species which were erroneously included in Tviodia, 
chromosomes of Tyiodia sens. str. have not been examined. Further studies on 
Triodia will demonstrate its systematic position and its relationship to Astrebla. 


I wish to express my cordial thanks to Dr. J. Ohwi and Dr. Y. Takenaka who 
gave me various valuable helps. My thanks are also due to Dr. W. Hartley and Dr. 
N. T. Burbidge who kindly supplied the seed samples. 


Literature cited 


1) Ballard, F., Hook. Ic. Plant. Tab. 3142 (1930). 2) Bentham, G., Jour. Linn. Soc. 19: 14 
(1881). 3) Burbidge, N.T., Blumea Suppl. 3: 83 (1946). 4) , Aust. Jour. Bot. 1: 
121 (1953). 5) Gardner, C.A., Flora of Western Australia, Vol. 1, Part 1, Gramineae (1952). 
6) Hackel, E., Nat. Pf. II 2 (1887). 7) Hubbard, C. E., Kew Bull. 28: 257 (1928). 8) Pilger, 
R., Engl. Bot. Jb. 76: 281 (1954). 9) Prat, H., Ann. Sc. Nat., Bot., 10e serie 18: 165 (1936). 
10) de Wet, J.M.J., Amer. Jour. Bot. 41: 204 (1954). iD) == 5 Moi, Gye AS GEE). 


a eC iH FF 


MeSPSt : ACR, Bh we, Meise 


«& BBs MSE: SIF ase 
4 AmPoKSRAMEL, KOLS ICS @eEA 
NE Lo 28 &, ZAKI, WEEN, RABIES 
* s ik, HR tes, BBBS, DS RE 
BeE: AR «8 AMGA, ABE, 2m, FEES 
JER: SEQ SCH RRM, BS GB, DE wy we 


Sates: Ee IE— BERK Be HR 


118 fii m HE BE 


Fy 


Kister, E.: Die Pflanzenzelle. Vorle- 
sungen itiber normale und _ pathologische 
Zytomorphologie und Zytogenese. Dritte 
neubearbeitete Auflage. Unter Mitwirkung 
von K. Hofler herausgegeben von G. Kiister- 
Winkelmann. Kap. II von G. Reese. 489 Abb. 
986 S. Gustav Fischer, Jena 1956. DM 54,- 


($048) 6000 FY). 

AE AROMMODEH Gt, BLURRED 
HED, PETZ LZNEOMMCMAAHE 
DBELEOASCHS_ MIGDAZIIOUTS 
C= EDR 4S Ernst Kiister 45 “Haeniaiw” 
RRA CBHI SCL, Aili a SHRIC 
BSB LV ROAD HD CAREC ot CH 
FRIIS SAUER CARRIE SIC, RESO MMaeA: 
FOL Lom O LHRELTWSZCECHSO 

AB OSB Liklh 1935 HICH SHG LID 
ALPACA KC 1951 SATS 2 MASH eo (TEL 
la —- ev RE OSL UCHmNs, JAB 
RRP SICS ¢ OSL L, BBV CS bid 20 Ht 
KTS. KBLEORCELRAOMHECHS.— 
K#dzlk 1953 4 79 FCHRLEA, ZOBAUC 
< fA CHARCA Gertrud Kiister {{-+-o 
mec, Vy - YASH oIe Hofer 
LOMAHRBACIC LIC, SHC OMA 3 
MOAERSNEOCHS— BiKILH 2 MITEL 
BIC 1 Ae Mz SRemManc, MACH 
ReRAMS & 1000 ReRMrAMIcHe 5 cS, 

ABIL CR RMICILCE,OC, L RG 
KR, Il. fMmigby, TL fxepk, IV. BSUS 
Rl, iat OMOFEARABM, V. Hea, VIL 
Ek, VIL. MIDFA, O7 Hp Geo, SFAIc 
#e LUG FAB Y A b HAE CUS 9 BHO y 
AbLRISCLARPMARTS & 165 HICSS, 


& 70 & 8 826 = 


Hee 32 44 


3 


A ORAL, “TER OREN REF EO 
1c ABASIC BSS BE” £105 BI bby 
ZL HC, MIGHT Cie < MIELE, 
MAIGRBAICKU, FA OATK tM LC La 
ERE LCABICHES SNCS CECHSO 
Might: >A, BARR CRS ahi 
fULBSD BVH aD: 5 ERRATIC A 2 5 | L 
C Seer BBeRs, Er REMI AS 
PEP RFT o Cl So TH SILCOBAD 60 
MEV 7D ESET DOBRO ER eR CLI 
LDC, BBC -ROLRLIBALFATWOS 
AZUL AC CHEERIC BD, F9LAD 
4a AR- BR OB LARA HC SHSS 
DABS, FOL, Hofler HA j—AHI tc 
DAR RAS OSB LEKGbot, SLU 
BE MEDARCLICR HPSNCWSr 
CUSMICBIE LW. B2M GK Kdks+— 
NKEOD Reese Helo LO CHMSN COSA, 
FAROE BED ACAS SFU AKO ae 
FT 5 CLARO 1/9 FICC HBS CU 
So CORILABAMOS < ORME & TOM 
RRICTSAChHS. 

AST HOMO IGRE, F842, FRR, PRESSES 
aid LEMS & UCREDNbNOFD 5 2BR 
D4DCHSo HAMID CH¥ CI AAA 
Bi, ERABMSNCwoR Om, FLCELE 
FROMERMS SOLO C, ABBA L 5 
CHEE tRACHhS 5. MIAH LO 
PAIL RUSS LDCTRVBMCHS. > 
RH ONANAIK FS HL E TS ESI SH!wH 
SICH. CHS 52, ABGK<L GHELTO 
fib CHA 5 6 

CHI BA) 


Notes on Some Grasses VI. 
by Tuguo TATEOKA* 


SHIM HRRS*: «4 *PPMERA VI. 
Received December 18, 1956 


§ 9. Coelachne and Sphaerocaryum 


In 1943, C. E. Hubbard proposed to revive Bentham’s (1881) tribe Isachneae for 
the genera Isachne, Limnopoa, Heteranthoecia, Coelachne and Sphaerocaryum. Potztal 
(1952) published an anatomical study of their leaf structure which brought forth 
interesting results. According to Potztal, the characteristics of their transverse 
leaf section show a striking similarity; they have in common a uniform chlorophyll 
distribution throughout the mesophyll and an outer (parenchymatous) bundle sheath 
which is more or less developed and does not contain chloroplasts. They reveal 
varying epidermal characteristics ; Coelachne Friesiorum C. E. Hubbard, C. Hackeliz, 
Merrill, C. pulchella R. Br., Isachne rigidifolius (Pois.) Urb. and Limunopoa Meeboldii 
C.E. Hubbard have no bicellular hairs, while twenty two species of Isachne and 
Heteranthoecia isachnoides Stapf bear threadlike bicellular hairs. In Coelachne africana 
Pilger threadlike bi-or multi-cellular hairs are found, and Sphaerocaryum malaccense 
(Trin.) Pilger has characteristic bicellular hairs, which are swollen and rounded at 
the apex, while the lower cell is sunken between the epidermis cells. In the shape 
of siliceous cells and also in the features of strigose cells various appearance are 
observed, but they are all included in Panicoid type according to Prat’s (1936) 
classification. 

The author examined the characteristics of epidermis and transverse leaf section 
of Coelachne japonica Hack. and gained some information of systematic significance. 
The results are presented below. 

Leaf structure of C. japonica—In the epidermis, club-shaped bicellular hairs, 
whose lower cell is sunken among the epidermis cells, and strigose cells which have 
no epidermal sheath at the base are found. Siliceous cells are mostly cross-shaped. 
An inner (mesotome) bundle sheath is scarcely differentiated, and an outer 
(parenchymatous) bundle sheath is well developed. The parenchyma is radially 
arranged around the outer sheath which does not contain chloroplasts at all. The 
depression between the nerves consists mostly of two parenchymatous cell layers 
and the upper and lower epidermis. ‘There are many intercellular spaces among 
the assimilative parenchyma. Mechanical cells are found above and below the 
vascular bundles. (Fig. 1). 
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As the description and 
the figure show, the characte- 
ristics of transverse leaf sec- 
tion of this species are in 
agreement with those of 
Isachneae species examined 
by Potztal (1952). The club- 
shaped bicellular hairs whose 
lower cell is sunken, found 
in this species, are very 
similar to those found in 


Sphaerocaryum malaccense. 


Potztal (1. c.) asserted that Fig. 1. Coelachne. japonica Hack. 
A. Transverse leaf section. 


B. Bicellular hair whose lower cell is sunken 
transferred to Sporoboleae : between epidermis cells. 


the latter species should be 


because it possesses the C. Siliceous cells. ; 
characteristic bicellular hairs and spikelets with one floret and 1l-nerved lemma as 
often found in Sporoboleae. Although Coelachne japonica has such hairs as found 
in Sphaerocaryum, other species of Coelachne are different concerning this character ; 
in C. africana threadlike bi- or multi-cellular hairs are found, while C. Friesiorum, 
C. Hackelit and C. pulchella have no bicellular hairs. Although various characte- 
ristics of epidermis are found among Coelachne species, they should not be separated 
since they exhibit closely related features of external morphology. Therefore, it 
may be assumed that Coelachne possesses a range of variation in the epidermal 
characteristics-and the characteristic bicellular hairs found in C. japonica cannot 
be attributed to a phylogenetic difference between this one and other Coelachne 
species. The characteristic bicellular hairs found -in C. japonica do.not always infer 
a relationship to Sporoboleae, and the-same is true of the bicellular hairs of 
Sphaerocaryum-malaccence. The author cannot discuss ,in detail the systematic 
position of Sphaerocaryum, ashe has no chance to examine exactly the external 
morphology of the genus, but he supposes that the remarkable resemblance between 
Sphaerocaryum and other Isachneae in the characteristics of transverse leaf section 
speaks in the favor of placing this genus in Isachneae ; the spikelets -of, Sphaeroca- 
ryum may be regarded as derived from those of Coelachne. 


§ 10. Chromosomes and leaf structure of several species 


Chromosomes? were observed in root tip cells. The sources of the materials 
are listed in Table 1. Chromosome number and sizes are as follows: 


1) Methods for chromosome observation—Root tips were fixed’ by Navashin’s solution, dehyd- 
rated, and embedded in Paraffin. Sections were cut at 15 micra and -Newton’s gentian violet 


method -.was used for staining. All the figures were drawn with the aid of an Abbe drawing 
apparatus. : : 
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Table 1. Sources of materials 


Cleistachne sorghoides Nelspruit, South Africa * 

Mosdenia phleoides 30 miles NW of Pretoria, South “A tribe * 

Ehrharta calycina, Themeda triandra Division of Crops and Pastures, pee, 
South Africa 

Oryzopsis miliacea, Monerma cylindrica Botanischer Garten, Berlin-Dahlem ** 

Schizachne purpurascens Mt. Yatsu, Nagano Pref., Japan *** 

Tripogon japonicus Fukuroda, Ibaragi Pref., Japan *** 

Coelachne japonica Kurotake, Shizuoka Pref., Japan *** 


* Viable seeds of these species were kindly supplied by Dr. H. G. Schweickerdt. 
** These plants were kindly offered by Dr. E. Potztal. 
_ *k* These species were collected by the present author. 


Tripogon japonicus (Honda) Ohwi—2n=20, small. Fig. 2-1. 
Mosdenia phleoides (Hack.) Stent—2n=40, small. Fig. 2-2. 
Monerma cylindrica CWilld.) Coss.—2n=26, large. Fig. 2-3. 
Clestachne sorghoides Benth. —2n=36, small. Fig. 2-4. 
Themeda triandra Forsk.—2n=30, small. Fig. 2-5. 

Coelachne japonica Hack.—2n=40, fmall. Fig. 2-6. 

Schizachne purpurascens Swallen—2n=20, small. Fig. 2-7. 
Oryzopsis miliacea (L.) Benth. & Hook.—2n=24, small. Fig. 2-8. 
Ehrharta calycina Sm.—2n=24, small. Fig. 2-9. 
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Fig. 2. Somatic chromosomes x 2000: 1, Tripogon japonicus (Honda) Ohwi 
2, Mosdenia phleoides (Hack. ) Stent 3, Monerma cylindrica (Willd. ) 
Coss. 4, Cleistachne sorghoides Benth. 5, Themeda triandra Forsk. 
6, -Coelachne japonica Hack. 7, Schizachne purpurascens Swallen. 8, 
Oryzopsis miliacea (L.) Benth. & Hook. 9, Ehrharta calycina Sm, 
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1. Tripogon japonicus (Honda.) Ohwi—The chromosomes of Tvipogon species 
are here reported for the first time. The number 20 indicates the basic number of 
10, which is also found in many species of Eragrosteae. The genus Tripogon is 
generally assigned to Eragrosteae. The examination of chromosomes supports such 
systematic treatment. 

2. Mosdenia phleoides (Hack.) Stent—This genus has been hitherto neither 
cytologically examined nor was investigated in leaf structure. The chromosome 
number of 40 found in M. phleoides indicates a basic number of 10 in accordance 
with that of Perotis, Tragus and Zoysia which are placed under Lappagineae together 
with Mosdenia. The author’s observations of the leaf structure of this species are 
as follows: 

The inner bundle sheath surrounding the vascular bundles is scantily differentia- 
ted, while the outer bundle sheath is well developed and contains plenty of chloro- 
plasts. Other assimilative parenchyma is arranged radially around the outer bundle 
sheath. Motor cells are well developed. Above and below the vascular bundles, 
mechanical cells are found. These cells are especially plentiful on the abaxial 
surface. In the upper and lower epidermis, elongated dumbbell-shaped siliceous 
cells are found. In the lower epidermis, club-shaped bicellular hairs are also ob- 
served. 


As the description and the figure show, the characteristics 
of leaf structure of this species are the same as the Chloridoid i 
subtype of Panicoid type. Other members of Lappagineae whose 
leaf structure has been examined up to now, show without | Ss 
exception Chloridoid subtype. The reference of Lappagineae BB 
to Eragrostoideae, as well as the relationship between Mosdenia i 
and other Lappagineae, is apparently supported by the chromo- 
some situation, leaf structure and. external morphology. - ‘ 

3. Monerma cylindrica CWilld.) Coss—The chromosomes ae 

f ; Mosdenia pheloides 
of this species were formerly observed by Avdulov (1931) and (Hack. ) Stent 
Hunter (1934). Avdulov counted 26 chromosomes in root tip + Siliceous cells 
cells in agreement with the present author’s observation, while Rote tas hare 
Hunter reported 2n=52 for the same species. The chromosome x 450. 
number of 26 is unusual in grasses, and Avdulov (1.c.) supposed that the 26 chromo- 
somes might be derived through elimination of two chromosomes from nucleus with 
28 chromosomes. His conjecture seems to be correct. 

4. Cleistachne sorghoides Benth—Garber (1950) reported 2n=36 for this species. 
The present author’s observation agrees with his finding. While the genus Cleista- 
chne is related to Sorghum, the basic numbers of the two genera are different; the 
former shows b=9, and the latter has b=5. But with regard to chromosome size 
and morphology they are apparently similar. 


5. Themeda triandra Forsk.—Avdulov (1931) reported 60 chromosomes for this 
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species designated as T. Forskalii Hack. The individual observed by the present 
author had 2n=30 chromosomes. The basic chromosome number of Themeda is 
assumed to be 10 or 5 like in many other genera belonging to Andropogoneae, and 
the individul having 2n=30 of T. triandra may have been triploid or haxaploid. 

6. Coelachne japonica Hack.—The chromosomes of Coelachne species are re- 
ported for the first time. The chromosomes of this species are very small and. the 
chromosome number of 40 indicates the basic number of 10. Chromosomes of 
Isachneae to which Coelachne is assigned were seldom examined, and only in Jsachne 
globosa O. Kuntze 60 small chromosomes were found (Tateoka 1954.) The chromo- 
some situation of the two species is similar. 

7. Schizachne purpurascens Swallen—Boyle (1944) examined the chromosomes 
of this species in materials froms North America. The present author’s observation 
is in accordance with Boyle’s report. While it has been since a long time debated 
whether Schizachne should be included in Méelica or treated as a separate genus, 
Boyle (1.c.) pointed out the clear chromosomal diversity between them. The present 
author supports Boyle (1.c.) and others in the opinion that Schizachne must be 
separated from Melica. 

8. Oryzopsis miliacea (L.) Benth. & Hook.—The plants examined by the author 
showed 2n=24 small chromosomes in accordance with Avdulov’s (1928) observation. 
The chromosome situation of this species is similar to that of other members of 
Stipeae in which Ovyzopsis is placed. 

9. Ehrharia calycina Sm.—This species was previously examined cytologically 
by Parthasarathy (1939) and Love (1948). Parthasarathy (1.c.) also observed the 
chromosomes of E. erecta Lam. and E. longiflora Sm. and also those of Microlaena 
stipoides (Labill.) R. Br. which is closely related to Ehrharta. From these studies, 
b=12 and small chromosome size were established for the species of EHhrharta and 
Microlaena. Prat (1936) referred the epidermal characteristics of Ehrharta and 
Microlaena to Panicoid type and the characteristics of transverse leaf section of 


Fig. 4. Ehrharta calycina Sm. A. Siliceous cells x450. B. Bicellular hairs 460, 
C. Transverse leaf section x300. 
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Ehrharta to Festucoid type. The present author’s observation of leaf structure of 
E. calycina is as follows: 

Vascular bundles are surrounded by an inner bundle sheath, but the outer bundle 
sheath is scarcely differentiated. Chloroplasts are uniformly distributed throughout 
the mesophyll. Assimilative parenchyma possesses no cell wall processes and is 
disposed in a comb-like manner. Motor cell are well developed. On the upper and 
lower epidermis, threadlike bicellular hairs are found. Siliceous cells are either 
dumbbell- and saddle-shaped or rectangular. 

As shown above, the features of transverse leaf section of this species apparently 
fall under the Festucoid type, and those of epidermis show the Panicoid type accor- 
ding to Prat’s (1936) classification. These results are in accordance with Prat’s 
(1936) record. 

The genus Ehrharta together with Microlaena and Tetrarrhena, which are 
closely related to one another, is assigned to Oryzeae by several investigators. 
Schweickerdt and Marais (1956), Tateoka (1956, in press), a.o. examined the leaf 
structure of some members of Oryzeae. The members of Oryzeae possess cell wall 
processes in the assimilative parenchyma with the exception of Chikusichloa aquatica 
Koidzumi, and, also, their outer bundle sheath which is generally well developed 
never contains chloroplasts. In the epidermis, except for Chikusichloa aquatica, they 
have characteristic siliceous cells which have the shape -of dumbbells placed trans- 
versely to the leaf blade (Oryzoid subtype). These features by which:the leaf struc- 
ture of Oryzeae is characterized cannot be found in Ehrharta calycina. The separa- 
tion of the genera Ehrharta, Microlaena and Tetrarrhena from Oryzeae is also 
supported by the characteristics of spikelet structure: The three genera have spikelets 
including one fertile floret and two reduced ones like Phalarideae sens. str. Although 
Stapf (1910), Arber (1934), a.o. considered that the spikelet structure of Oryzeae is 
the same as that of the two groups indicated above, such a view met with Opposi- 
tion of recent investigators, as Pilger (1939), Parodi (1939), Nunez (1951), Schweickerdt 
and Marais (1956), a. 0. According to Parodi (1.c.) and Pilger (1. c.) the upper 
two bracts found in Oryzeae spikelets which were ascribed to lemma and palea by 
Stapf and others are both lemmas for each of the two florets. Parodi (1939) 
treated Oryzeae as an independent subfamily, since he believed that such a spikelet 
structure as found in Oryzeae could not be found in other grass groups. Recently, 
Schweickerdt and Marais (1956) have offered another hypothetic interpretation of 
the spikelet structure of Oryza. They consider that the two bracts are lemma and 
palea of one floret, and the middle nerve of palea corresponds to the rachilla ad- 
herent to the palea. Although they take a stand against Parodi’s view concerning 
the interpretation of spikelet structure of Oryza, they do not oppose the treatment 
of Oryzeae as an independent subfamily, because the spikelets of Oryzeae, especially 
its paleas, also according to them, possess peculiar characteristics. The. paleas of 
Ehrharta, Microlaena and Tetrarrhena ‘are membranacous, showing a striking diffe- 
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rence from those of Oryzeae. On the other hand, the genera Ehrharta, Micrelaena 
and Tetrarrhena are evidently different from the genera of Phalarideae sens. str. 
In the characteristics of chromosomes and leaf structure as well as in their distri- 
bution, although the two groups have many features in common in the spikelet 
characteristics, and various authorities have placed them in one and the same tribe, 
Phalarideae sens. lat. The two groups must be separated. The author is inclined 
to believe that those three genera should be treated as an independent tribe. The 
three genera are considered to make an. isolated group without close relatives, but 
remotely related to the genus Uniola, the genera of Molinieae, etc. 

I wish to express my cordial thanks to Dr. J. Ohwi and Dr. E. Potztal who 
gave me various usuful advices and helps during the course of the present investi- 
gation. To Dr. Y. Takenaka, I owe special thanks for his interest and help in my 
work. My thanks are also due to Prof. Dr. H. G. Schweickerdt who kindly supplied 
various seed samples. 
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Physiological Studies on Growth and Morphogenesis of the 
Isolated Plant Cell Cultured im vitro Ill. 


~The Effects of pH, Auxin and Metabolic Inhibitors 


by Tadashi SANDAN*-and Toshimi OGURA* 
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An isolated internodal cell, a cell fragment obtained from the internodal cell 
and an isolated single rhizoid cell of Characeae are able to grow and develope a 
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new shoot and rhizoids when they are cultured in agar gel with suitable culture 
solutions (Sandan, 19559 1956). In the present experimets the effects of pH, 
auxin and metabolic inhibitors upon the morphogenetic development and protoplasmic 
streaming of an isolated internodal cell cultured im vitro were observed. 


Material and Method 


An isolated internodal cell of Nitella flexilis which was about 3.0 cm in length 
and 400 in width was used as material. The materials were cultured in the 
vertical, normal position in a test tube filled by half with 0.6% agar gel according 
to the method described in the previous paper’. In the present work solutions of 
potassium cyanide, sodium fluoride and monoiodoacetic acid were used as metabolic 
inhibitor and solutions of indole-3-acetic acid were applied as growth hormone. 
Furthermore, for the observation of the effect of pH, Mcllvaine’s citrate-phosphate 
buffer solutions (0.01 M citrate, 0.02 M phosphate) in various pH were applied. In 
the cases of auxin and metabolic inhibitors except potassium cyanide, Sorensen’s 
phosphate buffer solution (M/50 for the metabolic inhibitors and M/100 for auxin), 
pH 6.6, was used as the basic culture solution (control). Also, in the case of 
potassium cyanide, Mcllvaine’s citrate-phosphate buffer solution at pH 7.0 (0.02 M 
citrate, 0.04 M phosphate) was applied as control. 

For the removal of fungi and bacteria from the culture medium 0.5 mg of 
Trichomycin P tablet** and 0.2 mg of streptomycin were added to 50 cc of the 
culture medium. All experiments were carried out at room temperature under 
diffused light of about 80 lux. 

As to the effects induced by these reagents upon the morphogenesis of the cell, 
the authors payed their attention to the next two points: first, the effect on the 
formation of a shoot and rhizoids from the cell, and second, the effect on the elon- 
gation of both a shoot and rhizoids which were newly formed. The former is re- 
presented as the time required by the material for shooting and forming rhizoids 
after it was brought into the culture medium, and the latter is measured as the 
length of shoot or rhizoid 30 days after cultivation. The rate of protoplasmic 
streaming in the cell being very sensitive to the change in temperature, the measure- 
ment of the velocity of flow was carried out according to the method described in 


the previous report. The values shown in the table are the averages of five 
experiments in each case. 


Results 


1 Effect of metabolic inhibitors 


a) Potassium cyanide. As illustrated in Table 1, the rhizoid formation was 


slightly accelerated by 5x10-4 M KCN. By 1x10-3 M, shooting was completely 


** Penicillin Trichomycin Vaginal Tablet manufactured by the Sany6 Chemical Co., Ltd 


May 1957. ° Bot. Mag. Tokyo, Vol. 70, 827 127 


inhibited, whereas rhizoid formation was not depressed. At or above 5x10-3 M, 
shooting and rhizoid formation were completely checked and the materials decayed 
gradually. At or below 2x10-4 M, the morphogenetic development was not affected. 


b) Monoiodoacetic acid The rhizoid formation was completely inhibited by 410-3 
M, whereas shooting takes place normally at this concentration. At or above 


1x10-2 M, the materials gradually decayed after complete suspension of both shoot 
and rhizoid formation. 


c) Sodium fluoride As shown in Table 1, by 1x10-3 M NaF the rhizoid formation 
was checked whereas shooting was not inhibited. At or below 5x10-4.M, the 
morphogenetic development of the cell was not affected, and at or above 4x10-3 M, 
the materials decayed after complete inhibition of morphogenesis. 


Table 1. The effect of metabolic inhibitors on the morphogenetic 
development of the cell 


Cote Time for Length of Time for rhizoid Length of 
Inhibitor (M) shooting shoot formation rhizoid 
(days) (cm) (days) (cm) 
Control 14 lied! 14 1.6 
2 Ome 14 1.4 14 1.6 
5x10-4 18 0.6 ab 1.8 
KCN 8x14-4 23 0.3 13 136 
1x10-3 no shooting — 16 eZ 
2x10-3 — — 19 0.6 
5 x10-3 - — no rhizoid formation _ 
Control 14 15) 14 cer 
1x 10-3 14, ao i ik 
2x10-3 14 1.5 6 ae 
CH»ICOOH 4x 10-3 14 1.5 no rhizoid formation — 
6 x10-3 17 1 — — 
1x10-2 no shooting — — — 
Control 14 145. 14 ile Uh 
510-4 14 15 14 sy 
8x 10-4 14 1.6 18 0.9 
NaF 1x 10-3 15 1.4 no rhizoid formation —_ 
2x10-3 18 nies — — 
4x 10-3 no shooting = = a2 


2 Effect of auxin 


a) Effect on morphogenesis of the cell The effect of auxin on the morphogenetic 
develoment of the cell was shown in Table 2. | 

According to the results, shooting and elongation of both shoot and rhizoid 
were promoted by 0.07-1.0 mg/l (optimum conc. was 0.1 mg/l), while rhizoid for- 
mation was accelerated by 0.07-10.0 mg/l (optimum conc. was 0.2 mg/l). At or 
below 0.05 mg/l, the morphogenetic development was not influenced, and at or 
above 40 mg/l, the materials decayed after complete’ inhibition of both shooting 
and forming rhizoid. : . 
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Table 2, The effect of auxin on the morphogenetic development of the cell 


xin Time for Length of Time for rhizoid Length of 

ae shooting shoot formation rhizoid 
(mg/1) (days) (cm) (days) (cm) 
rol 16 re 16 u LEE) 
eae 16 12, 16 1.4 
0. 07 14 ea 15 lief 
0.1 12, 1.8 14 7h ib 
0.15 13 15 14 1, 
0. 2 13 1.4 a 12 
0.5 13 1.4 13: 126 
1.0 13 ees 13 LAGS: 
5.0 16 172 14 gles 
10.0 16 ee, 14 1,4 
20.0 16 Ns Pe 16 1.4 
30. 0 24 0.6 19 0.2 
40. 0 no shooting — no rhizoid formation — 


b) Effect on the protoplasmic streaming The rate of the protoplasmic streaming 
was generally constant except for 4 or 6 days at the start of cultivation, when it 
decreases, and for several days prior to shooting, when it increases. The decrease 
in the rate of flow is probably due to the mechanical shock accompanying the 
culture treatment. 

By 0.1-20 mg/l auxin, the rate of flow temporarily increased for two or three 
days after recovery to the normal rate from the diminished rate. By 0.1-0.2 mg/1, 
the accelerated rate continued for more than 40 days. At or below 0.05 mg/I1, the 
rate of streaming was not affected. By 5.0-30.0 mg/l, streaming: was not so constant 
as the one in control in general. By 30-40 mg/I, the accelerated stage in streaming 
was. not recognized, and by 40 mg/I the streaming was stopped in five or six days 
and the cell decayed gradually. 
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Fig. 1. Relation between the.rate of protoplasmic rotation in the 
cell and time. 


A: 0.1 mg/l IAA B: Control 
C: 25 mg/l] IAA D: 40 mg/l IAA 


At the times marked with arrow shooting was observed. 
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3 Effect of pH 


As illustrated in Table 3, at pH 3 the cell was decayed in five days after 
complete suspension of the morphogenetic development. The optimum pH on the 
morphogenesis of the cell appears to be around of 6.6. ; 


Table 3. Effect of pH on the morphogenesis of the cell 


u Time for Length of Time for rhizoid Length of 
p - ; 
shooting (days) shoot (cm) formation (days) rhizoid (cm) 

3.0 no shooting — no rhizoid formation — 
4.0 18 0.6 -: ; 19 0. 2 
4.6 16 0.9 16 Oz 7 
5.0 15 lis 2 5 0.9 

5. 6 15 123: 15 IZ 
6.0 15 ise 15 ih s3 

6.6 14 1.4 13 156 
7.0 16 ee 16 1.3 
8.0 23 0.4 21 0.3 


Discussion 


Kelso and Turner (1955)® reported the action of various growth regulating 
substances on streaming in single cells of the staminal hair of Tyvadescantia 
verginiata. According to their description, IAA, when added alone, brings about 
changes inthe rate of streaming within 10 min: the maximum effects .are reached 
in 30 min, and the rate returns to the normal in 60-70 min. Low concentrations 
of auxin stimulate the streaming, high concentrations depress the rate and inter- 
mediate concentrations are without effect. The maximum positive effect. is-given 
at 1 mg/| for auxin. These results confirm those obtained by Thimann and Sweeney 
(1937 1938 ) for Avena coleoptile, except that the concentration for auxin giving 
the maximum total effect for Avena is as low as 0.01 mg/l. The results of the 
present work showed that low concentrations of auxin stimulate the streaming in 
the cell of Mtella temporarily or permanently, and high concentrations depress the 
the rate. The present results are similar to those obtained by Kelso and Turner 
and by Thimann and Sweeney except the difference in effective concentration of 
growth hormone and the difference in periods in which the-rate of flow was in- 
creased, By 0.1-0.2 mg/I, the streaming in the cell of Nitella-was accelerated for 
more than 40 days. 
~~ Leonian and Lilly (1937 1941 ), Yin (1937) and Brannon and Sell (1945) 
respectively reported the stimulating effect of IAA on the growth of Chlorella cell. 
Olson and duBuy (1937) cited experiments to show that the polarity of germinat- 
‘ing zygote of Fucus could be determined’ by a high local concentration of IAA. 
They found no increase in the number of rhizoids formed when IAA was added. 
But Jacobs (1951)4 observed that auxin promoted the rhizoid formation in Bryopsis. 

In the present work auxin promoted shooting, rhizoid formation and elongation 
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of both shoot and rhizoid in low concentrations. The optimum concentration of 
auxin for shooting was different from the one for rhizoid formation, but the optimum 
concentration for elongation of shoot was the same as the one for elongation of rhi- 
zoid. These results may have a certain relation to the fact, which was previously 
reported by one of the authors®’, that a rhizoid cell cultured in vitro for a long 
time was metamorphosed into a miniature of an internodal cell after a full develop- 
ment. 

The rhizoid formation was slightly promoted by 5x10-4 M KCN. By 1x10-3 
M KCN, shooting was completely inhibited, whereas rhizoid formation was not 
suspended. Also, rhizoid formation was inhibited completely by 4x 10-3 M CH2zICOOH 
and by 1x10-3 M NaF, whereas shooting was not checked. KCN, which is a well 
known poison for cytochrome oxidase, seems to inhibit shooting remarkably, on the 
other hand, NaF and CH;ICOOH, which are known as inhibitors for glycolysis, 
appear to check rhizoid formation strikingly. 


Summary 


1. Application of KCN in a low concentration to the isolated internodal cell 
of Nitella cultured in vitro results in slight promotion of rhizoid formation. The 
shooting from the cell was inhibited by KCN in certain concentrations whereas 
rhizoid formation was not affected. 

2. By the treatment with CH,ICOOH and NaF in certain concentrations, rhizoid 
formation was completely checked whereas shooting was not abated. 

3. Auxin in low concentrations promoted the morphogenetic development. The 
protoplasmic rotation of the cells was also accelerated temporarily or permanently 
by application of auxin in low concentrations. 

4. The optimum pH for the morphogenesis of the cell appears to be around 
6.6. 

The authors wish to express their most cordial thanks to Prof. N. Kamiya of 
Osaka University for his kind direction and helpful criticism throughout this work 
and also to Prof. T. Nakamura for his valuable advice. 
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(1) Elsinoé batatas Viegas et Jenkins 

Journ. Washington Acad. Sci. 33: (8): 248 (1943): Ling and Jenkins, Plant 
Dis. Rept. 35: 120 (1951). 

Syn. Sphaceloma batatas Sawada, Desc. Cat. Formosan Fungi 5: 105 (1931); 
Goto, Ann. Phytopath. Soc. Japan 7: 143-145 (1937). 

Hab. and distr.: 

On Ipomoea batatas var. edulis (Syn. I. batatas) (Satsumaimo). 

South America (Brazil), Guam, Formosa, and China. 

Specimens examined: 

Kagoshima Pref.: Amami Island, Nov. 10, 1936, Yamasaki (SK 1412) (KU- 
K 13), Nov. 1937, Yamasaki (SK 1412) (KU-K 14), Oct. 3, 1954, S.K. (SK 668), 
Oct. 5, 1954, S.K. (SK 824), Oct. 10, 1954, S. K. (SK 1024), Kikai Island, Oct. 8, 1954, 
S.K: GSK 953). 


(2) Sphaceloma akebiae Kurosawa et Katsuki sp. nov. (Fig. 1) 

Maculis in foliis, sparsis vel secus nervos aggregatis, vulgo amphigenis, orbiculari- 
bus vel subcircularibus 0.2-2 mm. latis, saepe coalescentibus et extentis, planis vel 
leviter in medio depressis, primo brunneis dein griseo-albis vel ochraceo-alutaceas, 
margine nigrobrunneis vel purpureo-brunneis, in caulibus, magis elongatis 3-5 mm. 
centro depressis; in fructibus obscuro-brunneis 2-3 mm. saepe coalescentibus ; fructi- 
ficationnibus subcuticularibus, postea erumpentibus, palis conidophoris compactis, 
9-20 » crassis, hyalinis, 5-7 x2.6-4 w; conidils continuis, hyalinis, elliptcis, 3.9-8x2.0- 
3.3 p. 


* Nihon Tokushu Noyaku Co. Ltd. Kurosawa passed away in March 1953. ALZSHEeR SR US 
ERASE 

** Toa Noyaku Co. Ltd. RRaneSKPRCa EL 
1. Abbreviations used in the citation of specimens and collectors: (IB)-Herb. Secc%o Fitopat. 
Inst. Riol., Sao Paulo, Brazil. 
(NFC)-Herb. National Fungus Collection, U.S. Dept. Agr., Beltsville. Md., U.S.A. 
(KU-K)-Herb. Dept. Plant. Path. Kyushu Univ. Japan. 
(SK)-Herb. Shigetaka Katsuki. 
(YNU)-Herb. Agr. Inst. Yokohama Nat. Univ., Yokohama, Japan. 
E. K. ...E. Kurosawa S. K. ... Katsuki 
2. Kurosawa, E. and S. Katsuki, Miscellaneous notes on Myriangiales from Japan (1) Ann. 
Phytopath. Soc. Japan 21 (1): 13-16 (1956); (2) Bot. Mag. Tokyo, 69: (817-818): 315-318 
(1956). - : 
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Fig. 1. Sphaceloma akebiae 


A. On leaves (x1/2) 
B. Conidiophores and conidia ( x 1000) 

Hab. and distr.: 

On Akebia quinata (Akebi), A. trifoliata (Mitsuba-akebi) and Stauntonia hexa- 
phylla (Mube) (Lardizabalaceae). 

Specimens examined: 

On Akebia quinata 

Jbaraki Pref.: Mt. Tsukuba, June 17, 1933, E.K. (SK 1494); Aug. 15, 1935, E. K. 
(SK 1945) ; Itabashi, May 22, 1937, E.K. (SK 1496). 

Kanagawa Pref.: Taisho-mura, May 22, 1938, E.K. (SK 1499); Totsuka, May 10, 
1938, E. K. (1500). 

Chiba Pref.: Matsudo, Sept. 12, 1938, E.K. (SK 1502 & 1503). 

Yamanashi Pref.: Shaore of Lake Kawaguchi, July 7, 1951, E. = Te 1507). 

Tokyo: Hirayama, Oct. 7, 1951, E. K. (GSK 1508). 

Kagoshima University, Aug. 13, 1951, S. K. one. Sings CIB 5681) Nai 7 ee 

On Akebia trifoliata 

Gunma Pref.: Tanigawa, Tae 19, 1936, E. K. (SK 1497) CIB 5994) (NFC 91087) 
(KU-K 64): (SK 1498) (KU-K 65) (Type). 

Tokyo: Mt. Takao, Dec. 3, 1950, E.K. (SK 1504). 

Fukuoka Pref.: Botanical Garden of Kyushu University, June 29, 1951, S. K, (SK 
1505-1509) ; May 23, 1956, S. Yamamoto (KS 3296). 
Yamanashi Pref.: Shore of Lake Kawaguchi, July 7, 1951, S. K. (SK 1506) (KU-K 69). 

On Stauntonia hexaphylla 


Kagoshima Pref.: Botanical Garden of Kagoshima University, Oct. 26, 1949, SOK. 
(SK 1510); Aug. 13, 1951, S. K. CYNU+K 2) (IB 5685) (NFC 1054). 


(3) Sphaceloma japonicus Kurosawa et Katsuki sp. nov. (Fig. 2) 


Maculis in foliis circularibus, pausis vel numerosis minutis, 0.1-0.5 mm. 
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diametro, plerumque epiphyllis interdum amphigenis, sparsis vel aggregatis, griseo- 
albidis, interdum purpureo-marginatis; acervulis erumpente superficialibus ; conidio- 
phoris ex mycelio intercellulari vel stromatis, rectis vel sinuosis; .raro ramosis, apice 
attenuatis, continuis vel 1-2 septatis, subhyalinis, 6-23 x 2.6 -3.5 f; conidiis fusiformis, 
continuis vel 1 septatis, hyalinis, 3.3-6.6 x 2.0-3.9 uw, plerumque-5.3*2.6 p 


Fig. 2. Sphaceloma japonicus 
A. On leaves ( x1) 
B. Conidiophores and conidia (x 1000) 


Hab. and distr.: 

On Ilex serrulata var. sieboldii (Umemodoki) (Aquifoliaceae). 

Specimens examined : 

Saitama Pref.. Hatogaya, Sept. 5, 1938, E.K. (SK 1484)(KU-K 56)(Type) ; 
Sept. 27, 1938, E.K. (SK 1486)(KU-K. 58)(NFC 91083)(IB 5988). 

Chiba Pref.: Matsudo,.Sept. 12, 1938, E.K. (SK 1485); Sept. 25, 1938, Ekg 
(SK 1488) (KU-K 59); Sept. 14, 1951, E. K. (SK 1487). 

Remarks. Fortunately the junior writer could examine in detail the type 
specimen (IB 5354) (USM 90804) and paratype (IB 5353) (USM 90803) of Elsinoé 
tlicts Plakidas (Phytopath. 40:22, 1950) on Ilex cornuta sent by Dr. Jenkins. The 
leaf spot produced by S. japonicus is very unlike that represented by these specimens. 


Si | (4) Sphacloma lespedezae Kuro- 
i=) QO sawa et Katsuki sp. nov. (Fig. 3) 
Maculis in foliis, amphigenis, autem 


axe) co 
0 infra numerosis quam supra, subcirculari- 
bus vel irregularibus, 1-3 mm. diametro, 


occasionem confluentibus, etiam saepe 
nervos locatis, linearis vel irregularibus, 


con supra castaneo-brunneis, infra ochraceo- 

Zot ——— Pe? a ‘ ‘ : 
nee ee ee ee kt a alutaceas; acervulis sparsis, amphigenis, 
Big. 3. Sphaceloma lespedezae Conidio- superficialibus, 32-64 w in: diam., conidio- 


phores .and conidia ¢ x 1000) _. phoris:.et mycelio . intercellulari .vel 
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stromatis, pausis vel 5-6, simplicibus continuis vel 1 septatis, hyalinis, 6-16 x 2.6-3.5 
#2; conidiis ellipticis, hyalinis, 4-8 x 3-5 ps. 

Hab. and distr. : 

On Lespedeza bicolor (Hagi) and L. buergeri (Kihagi) (Leguminosae). 

Specimens examined: 

On L. bicolor 

Yamanashi Pref.: Shore of Lake Motosu, July 8, 1951, E.K. (SK 1489) (KU-K 
60)(SK 1490-1492)(KU-K 61-62)(IB 6636)(NFC 91283). 

On L. buergert 

Tokyo.: Kasumi-mura, Minamitama-gun, Aug. 8, 1951, E. K. (SK 1493)C(KU-K 63) 
(IB 6637)(NFC 91284)(Type). 


(5) Sphaceloma peucedani Kurosawa et Katsuki sp. nov. (Fig. 4). 

Maculis in foliis, amphigenis, sub- 
circularibus vel parum irregularibus, 
supra margine bine elevato, centro 
depressis, griseo-brunneis, frequenter 
perforatis, 1-2 mm. latis, in caulibus 
magis fusiformibus vel elongatis, mar- 
gine elevato, obscuro cinctis, centro 
depressis, 2-8 mm. longis, saepe con- 
fluentibus; sporodochiis primo intra- 
epidermicalibus, postea erumpentibus, 


conidiophoris fasciculatis, erectis~ vel 


parum flexuosis, continuis, 21-50 x 2.6- Fig. 4. Sphaceloma peucedani 
A. On leaves (1/3) 


3.3 w; conidiis continuis, hyalinis, ellip- B On Stem (1/2) 


ticis, 4-8x2.6 4 mw. 

Hab. and distr. : 

On Peucedanum decursivum (Nodake)(Umbelliferae). 

Specimens examined: 

Kanagawa Pref.: Ohkusu-yama, Sept. 15, 1940, E.K. (SK 1512)(Type)(KU-K 70) 
(NFC 91095)(1B 6000); (SK 1513-1514)(KU-K 71). 


(6) Sphaceloma plantaginis Jenkins et Bitancourt 


Jour. Wash. Acad. Sci. 36: (7): 225-227 (1946); Katsuki, ae ie Agr. 
Research 12: 53 (1953). 


Hab. and distr. : 

On Plantago major var. asiatica (Ohbako). 

Formosa and North America 

Specimens examined: 

Ibaraki Pref.: Narado, Oct . 11, 1938, E.K. (SK 1416)(KU-30)(IB 5975): Gotan- 
da, Oct. 8, 1939, E.K. (SK 1417); Nov. 19, 1939, E. K. (SK 1418)(KU-K 33). 
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Tokyo: Hachiohji, Aug. 8, 1951, E.K. (SK 1420) ; Tama-Bochi, Sept. 32, 1951, 
E.K. (SK 1422) ; Inogashira Park, Oct. 26, 1951, E. K. (SK 1423)(KU-K 31); Toyoda, 
Sept. 10, 1951, E.K. (SK 1421); Saginomiya, Oct. 17, 1937, E. K. (SK. 1415). 

Yamanashi Pref.: Shore of Lake Kawaguchi, July 7, 1951, E. K. (SK 1419). 

Kanagawa Pref.: Yokohama, June 6, 1937, Sakaguchi (SK 1414)(KU-K 32). 

Fukuoka Pref.: Mizuwake-mura, Ukiha-gun, July 11, 1951, S.K. (SK 1511)dB 
5916). 

Kagoshima Pref.: Kikai Island, Oct. 9, 1954, S.K. (SK 1011). 


(7) Sphaceloma rosarum (Pass.) Jenkins 
Jour. Agr. Res, 45: 330, (1932); Goto, Phytopath. Soc. Japan 7 : 38-40, (1937). 

Hab. and distr.: 

On Rosa chinensis (Koshinbara), R. multiflora (Nobara) and R. sp. 

South & North America, Europe Australia, China and Japan. 

Specimens examined: 

On Rosa. chinensis 

‘Hiroshima Pref.: Yoshida, Aug. 1926, K. Goto (SK 1434)(KU-K 34). 

On Rosa multiflora 

Kanagawa Pref.: Totsuka, May 22, 1938, E.K. (SK 1438)(KU-K 36). 

On Rosa sp. 

Tokyo: Higashinagasaki, May 10, 1937, E.K. (SK 1435); Negishi, April 30, 1939, 
E.K. (SK 1440)(KU-K 37). 

Kanagawa Pref.: Totsuka, Aug. 1937, E.K. (SK 1436); May 22, 1938. E.K. (SK 
1437) C(KU-K 35); May 22, 1938, E.K. (SK 1438); May 20, 1938, E.K. (SK 1439). 

Chiba Pref.: Matsudo, Oct. 10, 1939, E.K. (SK 1441) CKU-K 38). 


(8) Sphaceloma violae Jenkins 
Massey and Jenkins, Cornell Univ. Agr. Exp. Stat. Mem. 176: 7, (1935); 

Brien and Dingley, New Zealand, Jour. Sci. and Tech. Sect. A. 34: 561 (1951); 
Katsuki, Jour. Jap. Bot. 28 (9): 284 (1953); Jenkins and Bitancourt, O Bioldgico 21: 
208, (1955). 

Hab. and distr. : 

On Viola odorata (Nioi-sumire), V. grypoceras (Tachitsubo-sumire), V. 
grypoceras var. exilis (Kotachitsubo-sumire) and V. okubot (Maruba-sumire). 

North America, South America (Brazil), Australia, New Zealand, Africa and 
Formosa. 

Specimens examined: 

On Viola odorata 

Chiba Pref.: Matsudo, Oct. 3, 1938, E.K. (SK 1455) (IB 5977) (NFC-90178) ; Sept. 
25, 1939, E. K. (SK 1456). 

On Viola grypoceras 
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Kanagawa Pref.: Jinmuji, May 23, 1940, E.K. (SK 1457) (IB 5978) (NFC 91077). 

Tokyo: Mt. Takao, Oct. 14, 1936, E. K. (SK 1410) ; Tama-Bochi, Aug. 10, 1950, E. K. 
(SK 1458); Nanao-mura, Sept. 30, 1950, E.K. (SK 1459); Inogashira Park, Oct. 17, 
1951, E.K. (SK 1409) CKU-K 16). 

On Viola grypoceras var. exilis 

Kagoshima Pref. : Isso, Yaku Island, Aug. 5, 1951, Togashi and S.K. (SK 31) (IB 
5680) (NFC 91062). 

On Viola okuboi 

Tokyo Mt. Takao, Oct. 14, 1936, E.K. (KU-K 15) (SK 1410). 

S. Violae has not been reported previously from Formosa. 
But the specimens [one on V. odorata (SK 1454) the other on V. sp. (SK 1453)) 
collected by Kurosawa there in 1930, are preserved by the junior author. 
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Masayoshi Matsumoura*: Changes in the Respiratory Activity of the Ovaries of 


Lilium speciosum Thunb. Caused by Fertilization 
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Fig. 1. 02-uptake (Qo) by excised ovary of 
Lilium speciosum as influenced by pollination 
(The ovaries were excised at varied period 
after pollination as indicated in abscissa) . 
A: pollinated, B: control, unpollinated. 
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Fig. 2. R.Q. of ovary of Lilium speciosum as influenced by pollination. (The ovaries — 
Were excised at varied period after pollination as indicated in abscissa). A: pollinated 


ovary, B: control, unpollinated. 
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Fig. 3. Fertilized egg nucleus (90 hours after pollination). x 700 
4. Male and female nuclei are conjugating together (90 hours after pollination). 


x 700 


5. Free-nuclear divisions are seen in the endosperm (200 hours- after pollination). 


x 200 


6. Developing embryo (220 hours after pollination). x 700 
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Résumé 


Respiratory activity (Qoz) and R.Q. of the ovary tissues of Lilium speciosum 
isolated at various stages of fertilization were estimated. Histological examinations 


were conducted in parallel. The results obtained are as follows: 
1. Qos showed little change by the pollination. 
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2. Qos increased markedly at the period 90 hours after pollination, when the con- 
jugation of male and female nuclei was observed. 
3. The second increase of Qoz2 came 200 hours after pollination, when free-nuclear 


divisions took place in the endosperm. 


4. Marked increase of R.Q. was observed at the period 90 hours after pollination. 
This abrupt rise in the R.Q. value was followed by a steady increase. 
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Wataru TaAKAmi*: Relation between Fermentation and Osmotic Value in Saccharomyces 


cerevisiae and Aspergillus niger. 
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Fig. 1. Forms of plasmolysis 
a. Saccharomyces cerevisiae b. Aspergillus niger x1500 
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Fig. 3. Relation between the osmotic values and decreases of weight in Saccharomyces cerevisiae 
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Fig. 4. Relation among the osmotic values, pH of the medium, mycelial weight, sugar | 
consumption and the citric acid production in Aspergillus niger 


a 

fo} 

& — 

a 3 

Es 

at 

we Of 

a> ee ee ee OR PS ye 
< a = ? . ® 10 Days 
> ‘©. - © 

= <x 

oF 

ae 

as 

OG 


Fig. 5. Relation among pH, the osmotic values and the citric acid 
production in Aspergillus niger 


May 1957 ~ 


1.5 
a) 
i) 
oH 
Be 
£9 
fea ( 
ao 
> 1 
= 
ale 
Ow 
aons ao 
wwaicda GA 95 
ae 
jar 1 
CO@® ; 


Bot. Mag. Tokyo, Vol. 70, ‘No, 827 143 


4 5 6 7 


DAYS 


Fig. 6. Relation among pH, the osmotic values and decreases of weight in 
Saccharomyces cerevisiae. 
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Summary 


In the present investigation, relations between fermentation and the osmotic 
pressure in Aspergillus niger and Saccharomyces cerevisiae were observed. 

1. Though it is difficult to measure the accurate osmotic values, their relative values 
change in accordance with initial -growth phases and fementation phases, as were 
shown in the figures. 

2. In A. niger, falling of the osmotic values is minimum and the citric acid produc- 
tion is maximum, when pH is low. 
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3. In Saccharomyces, on the contrary, high pH is preferable for the alcoholic 
fermentation. Falling of the osmotic values is minimum and the alcoholic 


production is maximum, when pH is higher. 
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Summary 


1) Elongating pollen tubes of Camellia japonica were checked by putting a 
slice of mature stigma of Lilium longiflorum on their culture plate. From this it 
is inferred that the stigma contains some substances which inhibit the growth of 
Camellia pollen tube and the quantity of these substances increases during the 
maturation of Lilium stigma (Fig. 3). . , Less 

2) When Camellia pollen tube is affected in their growth, the tube elongation 
and protoplasmic streaming become intermittent, and the “Cap brock” frequently 
appears out of shifted from the centre of the tip of pollen tube (Fig. 5, 6). 

3) The separation of the substances in the stigma of Lilium which can inhibit 
the growth of Camellia pollen was demonstrated by paper chromatography and 
pollen germination test. The Rf-value of one of these substances was found to be 
0.2-0.25, using m-butanol, ethanol and water in a ratio of 4: 1: 1 as developer 
Crig.. 7). 
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Table 1. Extraction of phosphorylase from the endosperms of starchy 
corn obtained 15 days after pollination. 


Experimental Fresh weight of Phosphorylase 
No endosperm activity. qer ee 
; (Cg) endosperm* (%) 
+ 0.140 0.237 
2 0.128 0.244 96 
ke 0. 0076, A 


a 
* Milligrams of inorganic phosphorus produced/3.5 ml of the reaction mixture 
under the conditions described in the text. : ; 
** *** Preparations obtained, from the residues of preparations of 2 and 2** respec- 
tively, in the same way as described in the text. 
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Table 2. Phosphorylase activity of growing maize endosperm. 
Days Strain 
after 
polli- starchy | waxy starchy | sugary 
nation | Starchy x x waxy x x sugary 
waxy | starchy Sugary | starchy 
Fresh weight 10 0.032 0.048 0. 044 0. 044 0.048 0.044 0. 048 
of endosperm 15 02.152 0.124 0. 104 0.116 0.132 0.128 0.123 
(g) 25 0.220 0. 208 0.200 0.200 0. 204 0.212 0.204 
35 | 0.220 0.252 0.200 0.200 0. 232 0.208 0. 212 
Phosphorylase 10 0.034 0.048 0.076 0.062 0.045 0.113 0.062 
activity per 5 0.244 0.288 0. 275 0.310 0.261 | 0.363 0.251 
endosperm* 25 0.254 0.220 0.144 0.288 0.189 0, 333 0. 303 
Sis 0.140 0.113 0. 041 0.048 0.172 0.130 0, 199 


* See Table 1.. 
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Summary 


The phosphorylase activity was determined with the growing endosperms. of 
each of the starchy, waxy and. sugary races of maize as well as those of the hybrids, 
starchy x waxy. and starchy xsugary. Changes in the enzyme activity were followed 
during the period of from 10 to 35 days after pollination. 

No appreciable difference was found to exist between these different races and 


also ‘between the hybrids thereof. 
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of the amount of starch grains (after the 
representation mode employed by Buell, 


1952). 
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Summary 


1. Changes in the distribution and the amount of starch grains were observed 
following the development of various organs and tissues in young seedlings of a 
bean, Vigna sesquipedalis. 

2. The amount of starch grains in the cotyledon decreases steadily as germina- 
tion proceeds; after 24 hr. the decrease is especially abrupt. Starch grains are 
first. consumed in the outer portion of the cotyledon and the consumption proceeds 
then inward, and finally, on the 7th day, starch grains are observable. only in the 
cells around the vascular bundles. 

3. In the presumptive abscission region of the cotyledon, there is a marked 
accumulation of starch grains from the 2nd to the 5th day; on the 5th day the 
inception of a histologically detectable differentiation of abscission layer of the 
cotyledon appears. 

4. The hypocotyl and the epicotyl possess a definite amount of starch grains at 
the beginning of germination; from 25 to 30 hr. the amount of starch grains becomes 
minimum; soon after they increase again and on the 2nd day their amount reaches 
maximum ; then they decrease gradually until the starch grains are almost all 
consumed on.the 6th day, except for a few remaining inthe starch sheath of the 
hypocotyl. 

5. In the radicle, there is a heavy accumulation of starch grains in the root cap 
ceHs and markedly so in the starch sheath of the elongation zone, reaching a maxi- 
mum on the 2nd day. 

6. In the plumule, starch grains are first detectable only in the dorsal part 
adjacent to the midrib; on the 2nd day they locate throughout the dorsal mesophyll 
tissue and then they decrease gradually until on the 6th or 7th day a few starch 
grains are retained only in the cells beneath the midrib. 
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Plate IV. 1—6. Starch grains of the cotyledon at various times after germination. ca. x90, 


éxcept for 4 (ca. x10). 1. 24 hr. Pr BU) doi, 3. 2 days. 4. 4 days. Cross 
section, showing several vascular bundles. 5. 4 days. One vascular bundle. 6. 7 days. 
Ditto. 

7—14. Starch grains in the abscission region of the cotyledon. ca. x90. 7. At the 
beginning of germination. 8. 24 hr. No starch grains. Ore S0shitiaeel Os eso cht tie 
3 days. 12. 5 days. Formation of the abscission layer (iron haematoxylin). 13. 5 days. 


Ditto (IKI). 14. 6 days. Separating of the abscission layer, 
S. Kawamura: Changes in the distribution and the amount of starch grains in the seedlings 


of a bean, Vigna sesquipedalis. 


Plate V 
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Plate V. 1—8. Starch grains in the hypocotyl. ca. x90. 1. At the beginning of germin- 
ation.2. 10 hr. Bie ht) Vahey 4. 35 hr. Formation of the starch sheath. By 
days. Upper part. 6. 2 days. Middle part. 7. 2 days. Lower part. 8. 5 days. 
Upper part. 

9—17. Starch grains in the epicotyl. ca. x90. 9. At the beginning of germination. 
10. 10 hr. Li o0Ubr. 12. 2 days. 13. 3 days. 14, 4 days. Upper part. 15. 
4 days. Lower part. 16. 6 days. Upper part. 17. 6 days. Lower part. : 

18. Starch grains in the tip of radicle. 2 days. Starch grains are heavily seen in the root 
cap cells. ca. x55. ; 

19. Starch grains in the plumule. 2 days. ca. x55. 

S. Kawamura: Changes in the distribution and the amount of starch grains in the seedlings 
of a bean, Vigna sesquipedalis. 


Starch Formation in Storage Organs V. 
Changes in Phosphorylase Activities during the 
Development of Potato Tubers 


by Shichiro Hori” 
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Rec2zived January 23, 1957 


A number of studies have been made about the phosphorylase activities in potato 
tubers by several workers. Nakamara et al. (1951) studied quantitatively the amount 
of phosphorylase activity in mature potato tubers. Tagawa et al. (1954) studied 
the variation in the activity of this enzyme in potato tubers during the storage 
period. The writer investigated the histological distribution of phosphorylase in 
potato tuber (1954). 

The present paper is concerned with a study of the changes in phosphorylase 
activities in potato tubers during the period from the beginning of the tuber for- 
mation till its full ripening. 


Materials and Methods 


Materials employed in this study were fresh potato tubers (race “ Benimaru’’), 
which were brought to use soon after the harvest from the field. 

The enzyme activities were measured on the one hand with the entire tubers 
of different degrees of growth with the weight between 1 and 150 g, and on the 
other hand with tissue portions of the “medulla” and those of the cortex with 
buds separately. ‘“Medulla” is the tissue portions inside of the vascular ring and 
“cortex with buds” is the external layers (ca. 1 cm in thickness) of the tissue 
surrounding buds. 

For the preparation of the enzyme solutions from small tubers, samples with 
nearly the same weight were combined. 

(1) Preparation of the enzyme solutions. 

The preparation was carried out by a modified method of Nakamura et al. (1951) 
as follows: 

Immediately after the tubers were harvested from the field, they were washed 
cleanly with water and then weighed. Each 30 g of the samples was ground well 
in a porcelain mortar. It was kept overnight in a refrigerator at 5°C under toluene. 
Next day it was pressed in cotton gauze and 14 ml. of pressed juice was obtained. 
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It was centrifuged and the supernatant fluid was employed as the enzyme solution, 
which was diluted with water when desired. 
(2) Determination of the enzyme activity. 

The activity of the enzyme was determined by the modified methods of Green 
and Stumpf (1942), Hidy and Day (1945) and Nakamura et al. (1951) as follows: 

In an about 10 ml. containing test tube, 0.5 ml. of 0.5 M acetate buffer (pH 6.0), 
0.5 ml. of 5 per cent soluble starch, and 1.0 ml. of properly diluted enzyme solution 
which liberates not more than 0.5 mg of inorganic phosphorus for 10 minutes were 
introduced. Below this range of enzyme concentration the reaction rate is directly 
proportional to the amout of the enzyme applied. With distilled water the mixture 
was made to 2.5 ml. and kept at 38°C. After temperature equilibration the enzyme 
reaction was started by adding 1.0 ml. of 0.1 M glucose-l-phosphate which had been 
previously warmed at this temperature. 

After periods of 0, 5, and 10 minutes, 1.0 ml. of the digest was withdrawn and 
5.0 ml. of 6 per cent trichloroacetic acid was added. The mixture was shaken and 
filtered. With these filtrates the amount of liberated inorganic phosphate was deter- 
mined colorimetrically by the method of Allen (1940). 

The amount of the enzyme which under the conditions described above splits 
off 0.1 mg of inorganic phosphorus in 3 minutes was taken as the unit of the enzyme. 
Glucose-1-phosphate employed was a crystalline dipotassium salt prepared by the 
method of Sumner and Somers (1947). 
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Fig. 1. Change in Phosphorylase activity with growth of potato tubers 
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Results aud Discussion 


The amouts of phosphorylase in the entire potato tubers of, different weights 
from 1 to 150 g are given graphically in Fig. 1. 

As can be seen in Fig.1 the amount of phosphorylase of the tuber increased 
rapidly from the start of growth until it attained about 50 g in weight. Thereafter 
the rate of the increase gradually diminished and eventually no significant increase 
could be observed after the tuber had grown above 100g. Thus it appears that the 
development of phosphorylase in the potato tuber proceeds nearly parallel to the 
increase of the tuber weight as long as the tuber is immature, although the enzyme 
activity fluctuated more or less considerably among tubers of the same weight. 

Fig. 2 represents of the estimation of phosphorylase in “cortex with bids “and 
in “medulla” parts during the course of the tuber growth. 
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Fig. 2. Phosphorylas2 activities in two different parts of potato tuber (‘“‘cortex 
with buds” and “ medulla”) in various stages of growth. ; 

The figure indicates that the “medulla” of the tuber exhibited lower activity 
of phosphorylase than “ cortex with buds”. Moreover it appears likely that the 
increase of phosphorylase as observed in the development of the whole tuber (Fig. 
‘cortex with buds”. However, in the “me- 


« 


1) may be due mainly to that in the 
dulla” also a slight increase in activity has been recognized with the tuber devel- 
opment. These findings may well be in accord with the previous observation that 
the amount of phosphorylase increases in the following order: medulla-cort ex—bud 
(Hori, 1954). 


Summary 


The phosphorylase content of potato tubers was measured in the course of their 
development. } 

It was found that the amount of phosphorylase increased rapidly with the devel- 
opment of the tuber until the tuber grew to about 50g in weight. Thereafter the 
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increase in enzyme content dropped gradually and nearly ceased when the tuber 
attained the weight of about 100 g. 
It became probable that the increase in enzyme activity might be attributed 


chiefly to that in the “cortex with buds”. 


Sincere appreciation is expressed to Prof. T. Miwa, of the Tokyo University of 
Education, for his valuable advice and criticism during the course of this investi- 


gation and in preparation of this manuscript. 
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Seed Formation of Eillisiophyllum pinnatum var. reptans.™ 


by Takasi YAMAZAKI* 
Ujies a: + IAS I+ ORBTER 
Received January 30, 1957 


Material and methods: The process of the seed formation was studied in Elli- 
stophyllum pinnatum Makino var. reptans (Maxim.) Yamazaki of Scrophulariaceae 
collected from Hunakosiyama, Harima and Koetuyama, Awa in Japan by Mr. 
K. Utiumi and Mr. E. Akamatu who very kindly passed it to me for investigation. 
Formalin-acetic alcohol fluid was used for fixation. The sections were cut ata 
thickness 10-15 microns and stained with Heidenhain’s iron-alum-haematoxylin. 

Ovule and embryo sac. The ovary is, as common in other Scrophulariaceae, 
bilocular and has axial placentation with 6-8 anatropous ovules (Fig. 1 and 2). The 
mature ovule is hemispheric and has a single integument being made up of 13-14 
layers of cells on the outside. A hypodermalarchesporial cell divides giving rise to 
a linear tetrad of four megaspores. The chalazal megaspore functions and gives 
rise to the embryo sac (Fig. 3). In this stage the nucellar cells become flattened 
and are completely destroyed when the embryo sac matures. The innermost layer 
of the integument constructs the endothelium with the quadrilateral cells containing 
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prominent nucleus and dense cytoplasm. The endothelium invests the embryo sac 
partially, the antipodal and the micropylar ends are free (Fig. 4). In the early 
stage of the embryo sac formation, the integumental cells of chalazal part contain 
large nuclei and dense cytoplasm, and become nutritive tissue (Fig. 4.). After the 
fertilization, these cells are lost their contents, and their wall thickens, thus the 
hypostatical tissue is formed (Fig. 5). The mature embryo sac is spathulate in shape 
and is formed of two portions being the broad globular micropylar and the elonga- 
ted chalazal ones. Three antipodal cells lie side by side immediately disintegrate 
after fertilization. 


EIS ies Zan 
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Ge 
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Fig. 1. Longitudinal section of the ovary, x50. Fig. 2. Transverse section of the 
‘ovary, x50. Fig. 3. Tetrad showing the upper three degenerated megaspores. x500 
Fig. 4. Ovule showing the mature embryo sac. x400. Fig. 5. Two celled endosperm. 
x400. Fig. 6. Four celled endosperm. x400. Fig. 7. Six celled endosperm. x 400. 


Formation of the endosperm. The endosperm is of the cellular type. The 
embryo sac enlarges after fertilization. The first division of the primary endosperm 
nucleus takes place with a transverse wall to form a micropylar and a chalazal 
chambers (Fig. 5). Then longitudinal divisions in both cells result four-celled 
chambers (Fig. 6). These two micropylar chambers do not divide further and act 
as the haustorium, and two chalazal ones undergo further transverse divisions re- 
sulting two tiers of two cells each (Fig. 7). These four cells undergo further con- 
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tinuous transverse and longitudinal divisions to produce the endosperm proper. With 
the progress of the endosperm formation, the endosperm and the embryo become 
bent toward the dorsal side to penetrate into the integument (Fig. 8). In the second 
cell generation of the embryo, the cells of the dorsal side of the endosperm con- 
taining prominent nucleus and dense cytoplasm, rapidly divide forming the globular 
mass of cells, on the other hand, the cells of the micropylar and the chalazal parts 
of the endosperm become large and highly vacuolate (Fig. 9.). In the third and 
the fourth cell generations of the embryo, the dorasl globular mass of the endo- 
sperm gradually expands on the lateral side and forms a handle-shaped mass of cells 
containing dense cytoplasm. At the same time, some cells of the ventral side of the 


endosperm become swallen and highly vacuolate, and then are rapidly elongate and 
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Figs. 8-11. Formation of theseed. Fig. 8, x140.. Figs. 9-10, x80. Fig. 11, x 60 
Fig. 12. Mature seed. x35. Fig. 13. A portion of the mature seed. x160 ieee 
Statical region. a-epidermal cells. b-integumental cells. c-endothelial cells. d- 
endospermal cells filled with many starch grains. e-a portion of the embryo r 
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spread abroad along the endothelium (Fig. 10). These cells act as the haustorium. 
Finally, the mature endosperm becomes a disk-shaped mass of cells in which the 
cells arround the embryo are gradually broken down. The outer four or five layers 
of endospermal cells persist until the seed matures and are filled with starch 
Giiga 3 5)3 

Development of the endothelium. At the early stage of the endosperm forma- 
tion, the endothelial cells of the ventral side gradually lose their contents (Fig. 7) 
and disintegrate completely at the stage of two celled embryo (Fig. 8). While, on 
the other hand, the dorsal endothelial cells containing dense cytoplasm divide ac- 
tively and penetrate into the integument (Fig. 7). These cells of the micropylar 
and the chalazal parts gradually disintegrate. The middle cells divide anticlinally 
to produce a globular body invested the endosperm (Fig. 9). When the seed ma- 
tures, the endothelium is made up one or rarely two layers of cells which are 
rectangular’ and stained darkbrown, and becomes the cutinized seed coat (Fig. 12). 

Formation of the embryo. After the fertilization, the zygote rapidly elongates 


and moves into the endosperm (Fig. 7). The first division is transverse and gives 


Figs. 14-34. Formation of the embryo. Figs. 14-18, x30. Figs. 19-34, x 460. 
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rise to an apical cell (ca) and a basal cell (cb) (Fig. 15). The basal cell (cb) repeats: 
many continuous transverse divisions to produce an elongated filament which is com- 
posed of 40-50 cells (Fig. 9 and 18). These cells become swollen and highly vacuo- 
late, and act as the suspensor haustorium. A terminal cell (ca) divides transversely 
into two superposed ceils (cc) and (cd) (Fig. 19). The element (cd) divides trans- 
versely into two superposed cells (m) and (ci) (Fig. 20). The upper cell (m) diffe- 
rentiates as the hypophysial cell, and the lower cell (ci) accepts few transverse 
divisions and contributes to the construction of the upper part of the suspensor. At 
the third cell generation of the embryo, the elements (m) divides transversely to- 
produce two superposed cells, (h) and (h,) (Fig. 25). After the fourth cell genera- 
tion, the cell (h) divides transversely to produce two superposed cells (iec) and 
(h’) (Fig. 26). The element (iec) which is lenticular in shape and presses into the 
upper spheric part of the embryo, by two succeeded longitudinal divisions becomes. 
four cells and represents the initials of the root cortex. The element (h’) which by 
two succeeded longitudinal divisions gives rise four cells and by the next transverse 
divisions eight cells, represents the initials of the uppermost cell of the root cap 
(Fig. 34). 

The uppermost cell (cc) divides longitudinally into two juxtaposed cells, where- 
upon each daughter cell undergoes a longitudinal division perpendicularly to the 
previous plane of division and produces four cells (Fig. 24). Transverse divisions 
in each of these four cells result two tiers of four cells each (1) and (1’) (Fig. 23). 
Four cells of the upper tier (1) which give rise to the cotyledonary portion eventually, 
divide by tangential wall, thus formed outer daughter cells repeatedly divide anti- 
clinally and give rise to the epidermal initials, the inner daughter cells then divides. 
by generally vertical walls to separate the mother cells of the cotyledonary initials 
exteriorly and the elements which enter into the construction of the stem apex 
interiorly. Four cells of the lower tier (1!) which give rise to the hypoctyledonary 
region, divide by vertical walls to produce eight cells (Fig. 27). Transverse divisions 
in each of these eight cells result two tiers of eight cells each (Fig. 28). Thus formed 
outer daughter cells repeatedly divide anticlinally and give rise to the epidermal 
initials, the inner daughter cells by the continuous pericliral and anticlinal divisions. 
from the plerome initials (pl) and the periblem ones (pe) (Fig. 32). In transverse 
sections through the regions (1) and (1’) (Fig. 30 and 31), four cells of each tiers are. 
divide by a periclinal wall producing the outer more or less rectangular ard four- 
sided cells (y) and the inner more or less triangular and three-sided ones Cie. the 
cells of the outer element (y) repeatedly divide anticlinally and give rise to the 
epidermal initials. In the lower tier (1’), the cells of the inrer element (i) repeat to- 
divide periclinally and produce the outer sided cells (pe) representirg the periblem 


initials and the inner three sided ones representing the plerome initials (pl) ( Fig. SL). 


Formation of the seed coat. Very early in the endosperm formation, many 


integumental cell layers are visible between the endothelium and the epidermis. 
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At the stage when the endospermal cells penetrate into the integument, the inner 
integumental cells are gradually broken down and the epidermal cells of the integu- 
ment enlarge greatly. When the endosperm is fully developed, the inner integu- 
mental cells are completely disintegrate and remain in thin membrane. The epi- 
dermal cells of the integument elongate and become the mucilaginous hairs (Fig. 
12 and 13). 

Discussion. The processes of the endosperm and the embryo formations of 
Ellisiophyllum pinnatum remarkably differ from those of other members of Scro- 
phulariaceae. In the former, the endosperm penetrates into the dorsal side of the 
integument, and the original part of the embryo sac is emptied its contents. Many 
lower endospermal cells elongate rapidly along the endothelium forming the fila- 
mentous cells which act as the haustorium. In the other members of Scrophularia- 
ceae, the endosperm develops in the original part of the embryo sac, and the micro- 
pylar and the chalazal haustoria being constructed of one, two or four cells, are 
separately formed at either end of the endosperm. 

Formation of the embryo of Ellisiophyllum pinnatum is essentially the same as. 
those of other members of Scrophulariaceae, but some differences are found each 
others in the following respects. In Ellistophyllum pinnatum, the terminal cell (ca) 
is segemented transversely to give rise two cells, (cc) and (cd). The uppemost 
cell (cc) is divided longitudinally into two juxtaposed cells and produces the stem 
tip, cotyledonary and hypocotyledonary portions. The lower cell (cd) produces the 
initials of the root cortex, root cap and the upper part of the suspensor. The basal 
cell (cb) of the two celled proembryo reparts many transverse divisions to give rise 
the many-celled suspensor. These cells of the suspensor become swollen and act as 
the haustorium. These characters above mentioned are not found in other Scro- 
phulariaceae, but are the same as those of Hypericum perforatum (Soueges 1925), 
Androsaemum officinale (Soueges 1936), and Actinidia chinensis (Soueges 1943). 

In the other members of Scrophulariaceae, the terminal cell (ca) of two celled 
proembryo divides by a longitudinal wall giving rise two juxtaposed cells, and pro- 
duces the stem tip, cotyledonary and hypocotyledonary portions. The lower cell 
(cb) produces the initials of the root cortex, root cap, and suspensor. This suspen- 
sor is slender and filamentous, and degenerates in early stages of the embryo deve- 
lopment. The suspensor haustorium has never been found in Scrophulariaceae ex- 
cept an instance of Striga lutea reported by M. R. Mitchell (1915). However, B. 
‘Tiagi (1956) reported that “This observation of Mitchell is probably incorrect. Her 
figure 23 which represents this shows that she has mistaken the micropyral hausto- 
rial cell for a cell of the suspensor.” 

M. Honda (1930 and 1939) established an eats pet i iciguawiacsae: 
or a subfamily Ellisiophylloideae in Scrophulariaceae based on this genus. The 
structure of the flower and the ovary of Ellisiophyllum is common to that of other 
members of Scrophulariaceae. But the above mentioned facts indicate that this 
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genus is very peculiar having certain special features of its own in embryology and 


holds a unique position in Scrophulariaceae. 
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Some Dynamic Properties of the Protoplasmic 
Streaming in Chara* 
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Many works have been done recently on the protoplasmic streaming in the 
myxomycete plasmodium regarding its motive force and energy source (Kamiya 
1940-1956 and Ohta 1952). The dynamic properties of the protoplasmic streaming 
is so far best investigated in this material. The plasmodium of the myxomycete 
is, however, quite different from general plant cells both in appearance and beha- 
viour. The rate of streaming of protoplasm in myxomycete is not only enormously 
high but the direction changes alternately according to a rhythmic pattern. Having 
no cell wall, the streaming of protoplasm in the plasmodium necessarily involves a 
change in shape. 

On the other hand, our knowledge is still meager in respect to the dynamics of 
the rotational streaming. This paper deals with the effect of gravity and centrifugal 
acceleration on the. internodal cell .of Chara, one of the representative material 
showing rotational streaming, with the hope that it may throw some light on the 
dynamic character of the rotational streaming: 


Material and methods 


Internodal cells of Chara Braunii were used for material. The healthy inter- 
nodal cells near the apical end, which are 0:5-3.0 centimeters long, are freed from 
the neighbouring cells for experiment. 
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In the experiment for investigating the effect 
of gravity on the rate of protoplasmic streaming 
(Exp. 1), an internodal cell was placed with its 
long axis vertical to the stage of a horizontal 
microscope. We measured ‘the rate of the proto- 
plasmic streaming on one side (Fig. 1) or on both 
sides of an indifferent zone of the cell; in the 
latter case the streaming takes place upward on 
one side and downward on the other. The measure- 
ment of the rate was repeated at least several 
times and sometimes twenty times. 

The next step was to use a centrifuge-microscope 
of the type originally designed by R. Brown (1940). 
The apparatus was constructed by the author with 
a considerable modification suggested by Prof. H. 
Kinoshita of Tokyo University. The radius of its 
rotational part is two centimeters and the highest 
centrifugal acceleration is 800g, the optical magni- 
fication being about 80x. For the estimation of its 


(a) (b) 


Fig. 1. An internodal cell 
in normal (a) and inverted 
(b) position. Circles repre- 
sent the field of observation, 
small arrows representing 
the direction of protoplasmic 
streaming. 


169 


number of rotations, the stroboscopical method was applied. The material is placed 


in a special glass vessel as shown in Fig. 2. It is a square prism having a closed 


capillary inside, the bore of which is about 1.5 millimeter. 


with the material, is fitted in to the rotor of the centrifuge (Fig. 2). 


(b) eR, 


Fig. 2. (a) The rotor of the centrifuge-microscope constructed by the author. 
The radius of the rotor is 2 cm. The arrow indicates the direction of rotation. 


L: light incident upon mirror Mi attached to the rotor. V: 


vessel containing ma- 


terial. W: wire to hold the vessel in position. M: microscope. (b) shows the 
vessel mounted with an internodal cell. C: an internodal cell. 


This vessel, together 
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Results 

Experiment 1. The effect of gravity on the rate of the protoplasmic streaming 

We can see even under low magnificantion many large granules and a few 
chloroplasts floating in the streaming protoplasm of the internodal cell of Chara. 
These granules or chloroplasts are located near.or at the boundary between the 
‘protoplasm and the vacuole. 

When the cell is placed with its long axis vertical, we notice same difference 
in the rate of these granules, whether they are in the ascending or descending stream 
of protoplasm. This fact, which has been noticed by Ewart (1903) long time ago, 
implies that the rates of the upward and downward streaming of protoplasm which 
carries them are not the same. Table 1 shows the rates of the protoplasmic strea- 


Table 1. The rate of endoplasmic flow near the vacuole 


Streaming direction Mean of the rate dips dig ee cis eae 

downward 96.5740. 52 +e : 6 Sail zi 
upward 94,9441, 44 4 : 
downward 99.7141.49 6 
upward 94.15+0. 48 5 i ’ 
downward 100. 29+ 0. 06 7 : 
upward 93.3740, 28 4 
Aoeaward 96.57+1. 56 f . 
upward 96. 84+1.33 6 ; 
downward 99:71 0538 7 : 
upward 95. 48+0.46 5 ; 
downward 100. 59+ 1.08 5 2 
epee inp apy 97.40+1.14 | “10 i ? 

ae eee ee ae eee SN Bee a ee 
ier cbienee 6 98.9140. 60 38 (total) | 
para Met. 95.36+0.58 34 (total) 


ming measured by the granules as index-markers at a definite portion of an inter- 
nodal cell when the cell position was made upside down several times alternately 
by rotating the vertical stage of the horizontal microscope. It is noticed that the 
rate of upward streaming is, though little in amount, clearly less than the down- 
ward one. This difference in the rates is kept as long as the position of the cell 
is left unchanged. The mean values of the rate of upward and downward streaming, 
are 95.4 w/sec. and 98.9 w/sec. respectively. 


In Table 2 are shown the results of the measurement of the rate of the upward 
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Table 2. The rate of ascending and descending streams on the opposite side of 
an indifferent zone measured at the innermost layer of the endoplasm 
experiment 
number 1 2 3 
| | sereamite downward upward downward upward | downward upward 
| Mean value of 82.6 79.5 83. 4 79.3 79.5 Tet 
| velocity p/sec £0. 46 +0.41 +£0.52 +0.48 +0.60 +1.06 
Number of ; re 
Dahmeasarement 23 23 24 24, 10 10 
u/v eee 39.7 87.3 
(continued ) 
: Aes 3 8) = Less 6] | Mean values 
downward upward downward upward downward upward |downward| upward 
\ | 
89.5 76.8 78. 4 73.9 ieee Toot, 80.4 eee 
£0.16 10 +0. 70 £0.98 so), 21 #0..98). |] 90,81 ) 40.82 
12 12 6 6 Z T ava Ae 82 
42.5 Bet 49.5 50.8747. 54 


and downward streaming on the opposite sides of, the indifferent zone, each 50pm 
apart from it. The mean values of six measurements are 77.1 u/sec. and 80.4 p/sec. 
for upward and downward streaming respectively, the difference between the two 
being 4.2 per cent. In Table 1 and 2, we notice a clear difference in the rate bet- 
ween the ascending and descending streams, though the absolute rate of flow is not 
equal according to the individual specimens and to the conditions of the experiment. 
This fact shows undoubtedly that garvity does affect the rate of the protoplasmic 
streaming to a certain extent. So far it is a further confirmation of the Ewart’s 
observation. 

What I would like to add here is a fact which was overlooked by Ewart that 
the minute granules which are located in the proximity of the cortical gel layer of 
the protoplasm, move with an equal rate no matter whether the stream occures 
upwards or downwards (Table 3). Thus we can ascertain that the protoplasmic 
streaming which is directly in contact with the cortical gel is hardly affected by 
gravity, a fact which is not shared by the streaming of the endoplasm close to the 
vacuole. 


Table 3. The rate of minute granules in endoplasm very near the cortical gel layer 


Experiment | Mean values 
number ee re 3 ee 
pices coward ee downward Weds : downward upward down ward! upward 
irection | 
Mean value of 110.53 | 109.09 || 106.59 | 105.13 104. 47 104. 47 106.71 | 106. 71 
velocity u/sec | +2.94 | +2.62 | +1.06 | +2.42 | +1.54 | #114 |_ £1.73 | £1.09 
Number of 10 10 10 10 | 10 10 20 | 30 
measurement | | maetl| 


This fact shows that there is a distinct difference in behaviour between the thin 
layer very close to the cortical gel and the other endoplasmic part, which flows 
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with a nearly equal rate in horizontal ‘position (Kamiya & Kuroda, 1956). In order 
to elucidate this point, a further experiment was performed using a centrifuge- 


microscope. 
Experiment 2. Observations of the protoplasmic flow under a centrifuge-micro- 


scope 
ae may assume that the rate of the protoplasmic streaming of Chara is not 
only dependent on its motive force but also on the protoplasmic viscosity... In order 
to exclude the effects of complex factors other than the motive force itself, we used 
a centrifuge-microscope by which we can observe the behaviour of the protoplasmic 
streaming under the centrifugal force. By this method, as Breckheimer (1949) re- 
ported, we see by the low centrifugal force acting in the direction of the longitudi- 
nal axis of the cell, that the streaming in the centrifugal direction is accelerated 
while that in the centripetal direction is retarded. The streaming in the centripetal 
direction can be brought to a standstill when it is subjected to a certain amount 
of centrifugal force. When the centrifugal force exceeds a certain amount, the 
direction of streaming is reversed from centripetal to centrifugal. In our experi- 
ment, we found that 40xg was necessary to stop the centripetal flow of endoplasm. 
Breckheimér (1949) reported 3Cxg was just sufficient to stop. These two values 
coincide fairly well. ; 

It is true that these centrifugal accelerations are enough to stop the centripetal 
streaming of most part of the endoplasm, but a careful observation reveals that the 
minute particles which were streaming very near the cortical gel, still flow in the 
centripetal direction even. under the same centrifugal acceleration. This flow balan- 
ces usually with 200xg, but sometimes it continues to stream even under as high 
an acceleration as 600-800xg. 

In Exp. 1 we did not find any significant difference in the rate of the endoplasmic 
streaming in the proximity of a gel layer, no matter whether the streaming was 
upward or downward. But, strictly speaking, there must have been a small difference 
in the rate, which however, was not more than the error of the measurement. 
We are now in a position to say in the light of the above observation using a cen- 
trifuge-microscope, that the centrifugal acceleration which just brings the centri- 
petal streaming near the cortical gel to a standstill is very different from what 
is sufficient for suspending the centripetal flow of the massive part of the endoplasm. 

Recently Kamiya and Kuroda (1956) analysed the velocity distribution of the 
protoplasmic streaming in Nitella cells and showed clearly that the eats ie force 
responsible for the protoplasmic streaming is developed at the interface region 
between sol and gel layers; all other part of streaming endoplasm is carried along 
passively. 

The behaviour of the Chava cell under the influence of gravity or centrifugal 
acceleration, which has been described in the foregoing, is quite in conformity with 
the results and conclusion of Kamiya: and’ Kuroda.’ The above data further support 
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the assumption that the. mechanism of the motive force generation is not. distribu- 


ted over the streaming.endoplasm, but. exists only at the boundary region between 
the cortical gel and the endoplasm. 


Considerations 


The difference in rate between upward and downward streaming in the inter- 
nordal cell of Chara, has been known since Ewart (1903). In our experiment shown 
in Table 1, the: rate of the upward streaming was 95.4 m/sec. and that of the down- 
ward streaming amounted to 98.9 u/sec. Suppose the original streaming rate of 
the cell is’ U, and the absolute amount of increment or decrement under the ‘in- 
fluence ‘of the gravity is V, we have the following relations for the upward and 


downward streaming, namely, 


U—V=95.4 (upward streaming ) 
U+V=98.9 (downward streaming) 


From.these formulae, we know U is 97.13 and V is 1.77 and hence U/V=55. 
Then through calculation from Table 2, we get, as a mean value: U/V=50. If we 
may assume that the value of V is proportional to the value of the gravity, we can 
predict from the above formulae just how much acceleration is sufficient to stop the 
centripetal streaming. The value from the above formulae is 50-55 times gravity, 
while the value obtained by the centrifuge-microscope method is 40xg: The coin- 
cidence is rather satisfactory. Hence,we can expect that the mass streaming of 
protoplasm has a balance-acceleration of about 40-50 times garvity in the mean value. 

On the other hand, the balance- 

¢ ; | = p - acceleration. for the thin layer close 
= to the cortical gel to stop, has been 

(a) (b) known to be much greater than that 


Fig. 3. Contours of the boundary 
between endoplasm (P) and vacuole 


for most part of the endoplasm. We 


(V) at the centrifugal end of an find this fact also in Fig. 3 (a) (Breck- 
internodal cell. heimer 1949, 1951)w hich shows the pro- 
5 : test fee as I aa file of the centrifugated plasm observed 
(b): under 0-20 xg centrifugal acce- under the acceleration of 100xg follow- 
leration. ing 200 xg acceleration in several minutes. 


Arrows. show the direction of proto- 


: E When centrifugal acceleration is decrea- 
plasmic streaming. 


sed: to 0-20xg, this boundary line: takes 

the form shown in Fig. 3 (b) (CT. Hayashi 1952)... These contours of the boundary line 

between the protoplasm and the vacuole under different centrifugal accelerations .also 

show a_ difference in behaviour between the protoplasm. which is in direct contact 
with the cortical-gel and that in the inner layer. 

The author would like to express his cordial thanks to Prof. Noburé6 Kamiya of 

University of Osaka, for his helpful advice. and directions. throughout this work.- 
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He would also like to express his appreciation to Prof. Bungo Wada and Prof. 
Dythei Sato of University of Tokyo, for support of this work.. 


Summary 


1) In the protoplasmic streaming of Chara, we can see a difference between 
the flowing rate of upward streaming and that of downward streaming. This is 
true in respect to most of the endoplasm, except that which is in direct contact 
with the cortical gel. The rate of the latter streaming is not affected by gravity. 

2) By means of a centrifuge-microscope, we find that the centripetal flow of 
the endoplasm stops under the influence of centrifugal acceleration amounting to 
40xg. But the endoplasm adjacent to the cortical layer requires five times as much 
centrifugal acceleration as the above in order to be brought to a standstill. 

3) The mechanism of the motive force generation exists only at the boundary 
region between. the cortical gel and the endoplasm, and all the other portions of 
the endoplasm are thought to be passively driven by the force generated at this. 
region. 
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In order to analyse the physiological mechanism of sexual reproduction of 
heterothallic fungi, it has been attempted to study the effects of the culture filtrate 
of either mating types on the formation of fruit body (1)(2)(6)(8). Previously the 
effect on the formation of perithecia of the single strain culture filtrate of the basal 
culture medium which contained either nitrate or ammonium type nitrogen was in- 
vestigated with aim to detect whether the perithecial formation degree of the single 
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culture filtrate obtained from different media supplemented with nitrogen sources 
of different types is different from each other or not (3). And it became clear that, 
among nitrate types, pottasium nitrate in the a(—) strain culture filtrate appeared 
more effective in promoting the perithecial formation than that in the A (+) strain 
culture filtrate; while, on the other hand, among ammonium types, ammonium 
chloride in the A(+) strain culture filtrate was more effective than that in the a(—) 
strain culture filtrate. It was assumed, therefore, that for perithecial formation of 
each mating type required nitrogen of a different sort, in different amount, as nitro- 
gen. source in its culture medium. 

From this point of view, the author investigated the efficiency of the culture 
filtrate from inorganic nitrogen source containing either NH,* or NO;7- for perithecial 
formation. 


Material and Method 


The strains used in the present experiment are the same ones, a couple mating 
wild type of Neurospora crassa 4AC+) and 8a(—) (hereafter they are referred to 
AC+) and a(—) used in the previous experiment(4). These strains have normal 
characteristics in external features, for mycelium, macro- and micro-conidium. They 
form fruit bodies by crossing at any time. The basal culture medium contained 
the following grrdients in 1 liter of distilled water; (NH,)2CyH,O, 5gm., NH,NO3 
1lgm., KH2PO,;7H20 0.5gm., NaCl 0.1 gm., CaCl2 0.1gm., sucrose 15gm.. The nitrogen 
source was changed according to the experimental aims. 

The liquid basal medium 100ml adjusted to pH 6 before sterilization, a loopful 
of spore suspension of both AC+) and a(—) strain was inoculated; then incubated 
at 26°C for 72hr. in a black chamber. The culture filtrate used in this experiment 
was prepared by removing mycelial mat grown in the 50ml1 liquid basal medium 
which was supplemented with different nitrogen sources substituting for ammonium 
tartrate and ammonium nitrate according to different experiment aims. 

The formation test of the fruit body was carried out by counting the number 
of both mature and immature perithecia formed on 10ml agar medium slant, after 
15-20 days of incubation, added 1ml of the culture filtrate produced from the liquid 
basal medium before solidification. First, in order to determine a suitable nitrogen 
type and to analyse the effect of the culture filtrate at various amount ratio of the 
nitrogen sources, the effect of inorganic nitrogen source containing either NH,* or 
NO3- was estimated by number of perithecia formed on agar slant supplemented 
with the culture filtrate of either AC+) or a(—) single strain (hereafter they are 
referred to either +CF or —CF) and A(+) & aC(—) mixed strain (hereafter it is 
referred to +CF). . 
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Experimental Results 


I. Effect of inorganic nitrogen on the formation of perithecia 
In order to test the effect of nitrate, nitrite and ammonium type nitrogen on 
the formation of perithecia, the type of nitrogen for the development of the vigorous 
arithecial formation, the time required for first appearance of perithecium and the 
number of perithecia per mol concentration unit were investigated according to the 
method previously described. Various nitrogen sources used were NaNO;, NaNO», 
(NH4)2CyH,0¢, NHyCl1 and NHyNO3. To test the effect of nitrate, nitrite and am- 
monium type nitrogen upon perithecial formation, counted was the number of peri- 
thecia which were formed by sexual mating type(A(+) & a(—)) strain on agar 
medium 5ml1 flooded by the liquid basal medium containing various nitrogen sources. 
For the test of the effect of the culture filtrate upon perithecial formation counted 
was the number of perithecia which were formed by sexual mating type on agar 
medium flooded by the culture filtrate produced from the liquid basal medium con- 
taining various nitrogen sources inoculated by either AC+) or a(—) strain and kept 
at 26°C for 72hr.. 


Table 1. Effect of inorganic nitrogen sources and their culture filtrates on the 
perithecial formation 


Nitrogen source Culture filtrate 


A(+) single | a(—) single | A&a(+&-—) 


gm. No. of No. of | strain strain mixed strain 
ape poe pene, ape Growth**No. of |Growth|No. of|Growth|No. hf 
liter (L.p.) *| per mol t ’ ’ 
, amount /perith. |amountiperith. jamount(perith. 
, (mg.) | CL.p.) | (mg. ) | (L-p.) | (mg.)_| (L-p.)_ 
NO3 |NaNO3 3 13.5 x102 8(7)/2 x 3 x 102 17 0 10 0) 16 0 
NO |NaNOz2 1j1.5x 45(7)30.0x 0.2 | 12(7) OST 2UGZ) 0.4) 30(7) 
(NH4)9C4H4Og) 5 |2.7x 4A.8x I 
NH4 Sita 1lLox4 13(7) 0.7%" 437 13(5) | 400 10(5)| 320 17 (5) 
NA, 
NH4NO3 TS Seeur 50.0x : 
NOs [CNHA)2CAHA05 5 loz | Coa ox yw | 247 | 60C5) | 203 | 60(5)| 257 | 54(8) 


* Lag period so far first perithecia are formed. ** Dry weight of mycelial mat of 
AC+,) and a(—) strain grown in basal medium for obtaining culture filtrate. 


The highest formation activity was present at lgm. of NHyNO3(1.3x 10-2M) and 
at 5 gm. of (NH4)2CyHyO¢(2.7 x 10-2M). The total mol concentration was 4x 10-2M. The 
number of perithecia per 1 mol concentration of nitrogen source also was the maxi- 
mum at lgm. of NH,sNO3(1.3x10-2M) and 5gm. of CNH4)2CyHyO,(2.7 x 10-2M) and 
minimum at Igm. of NH,Cl(1.9x10-2M). The time required for first appearance 
of perithecia was 5 to 7 days and it seemed to be shortened by adding the culture 
filtrates. Furthermore, it was noted that although the growth amount of mycelial 
mat of AC+), a(—) single strainand A & a(+ &—) mixed strain were best at 5gm. 
of CNHy4)2CsH,O,(2.7 x 10-2M) and lgm. of NH,C1(1.9x10-2M) the culture filtrate 
produced from these nitrogen sources hardly allowed to develope perithecium sc 
well as those produced from the other nitrogen sources. 
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Il. Differential effect of nitrate and ammonium type nitrogen on the for- 
mation of perithecia (culture duration 72hr.) 
1. The effect of NH,+ and NO3-.0n the perithecial formation 
To test the. effect of the culture filtrate produced from the basal medium con- 
taining NH,yNO3 and (NH4)2C4H.0,¢ upon perithecial formation two experiments at 
different relative amount of these compounds of the total mol concentration (4x 
10-2M) were made. 
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Fig. 1. Perithecial formation by +CF, —CF and +CF from the 
medium containing (NH4)sC4H4Og and NH,NO3 at different concen- 
tration ratio. 

The sings used in the figure show the following notes: ——@——; 
perithecical formation by +CF, ——-O——; -perithecial formation by 
CF,——a—— ; perithecial formation by +CF: /7 CNH4)2C4H4O¢, [__ |; 
NH,NO3: The numerals on the upper and right part of the sign of 
concentration ratio indicate the amount (gm./1.) and the ratio CNH4*): 
(NO3-) of these nitrogen sourcse. 


Fig. 1. showed that the rating of perithecial formation increased proportion- 
ally to an increase of NH,NO2 content in the medium. When (NH,)eCsH,Og was 
substituted for NH,NO3 completly, the maximum state was met (Fig. 1-E). How- 
ever, when the culture filtrate obtained from these nitrogen sources was supplemented 
to the medium monomial frequency curves were obtained and principal feature was 
alike inspite of different source of filtrate (Fig. 1-C). 


2. The differential effect of NH,* and NO:~ on the formation of ascocarpous 

organ. 

As shown in the previous experiment, the culture filtrate obtained from the 
medium containing 3.65gm. of (NH4)2CyH,Og and 1.65 gm. of NH4NO3 had the maxi- 
mum effect upon the perithecial formation (Fig. 1-C). In order to examine this con- 
centration ratio of nitrate and ammonium nitrogen at which the maximum perithe- 
cial formation was present, the perithecial formation effect of nitrogen sources con- 
taining NH,*+ and NO3- to either single sexual mating type strain A(+) or -a(—) 
at various amount ratio of NH,Cl, NHs,NO3; and KNO3 was investigated, 
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Fig. 2. Perithecial formation of single sexual strain by +CF, —CF 
and +CFf from the medium containing NH,Cl, NH,NO3 and KNO3 at 
different concentration ratio 


The signs used in the figure show the following notes; ——e——; 
perithecial formation of a (—) single strain by +CF, ——o——; perithe- 
cial formation of A(+) single strain by —CF, ——a—— & ——sa——-; 


perithecial formation of a(—) and A(+) single strain by +CF: 
[== |; NH,cl, [_]; NH«NOs, Ml; KNO3; The numerals on the upper 
and right part of the sign of concentration ratio indicate the amount 
(gm. per liter) and the ratio-(NH4*) : C(NO3—) of these nitrogen sources. 


The +CF showed the maximum formation of perithecia at 2.4gm. of NH,NO3 
(3x10-2M) and lgm. of KNO;(1x10-2M) (Fig. 2-E). These perithecia, however, 
contained neither asci nor ascospores (ascocarpous organ). On the other hand, the 
—CF showed the maximum formation of perithecia at 0.53 gm. of NH,Cl(1x10-2M) 
and 2.4gm. of NH4NO3(3x10-2M) (Fig. 2-C). 


III. Differential effect of nitrate and ammonium type nitrogen on the for- 
mation of perithecia (culture duration 168hr.) 
1. The effect of NH, and NO3~ on the perithecial formation 

Though the time of incubation was 72hr. in the previous experiment, it was 
extended to 168hr. in this experiment. Under this condition of the prolonged culture 
the effect of the culture filtrate on perithecial formation was investigated. 

The maximum perithecial formation of the +CF, —CF and -+-CF was seen at 
the amount ratio cf 24gm. of NH,iNO; (3x10-2M) and Igm. of KNO3(1x10-2M) 
(Fig. 3-F). The number of perithecia formed by these culture filtrate decreased 
according to decreasing of NH,NO3 and increasing of KNO3(Fig. 3,F-I). It had been 
shown that perithecial formation presented by the culture filtrate is indirectly 


related to a particular concentration ratio of ammonium and nitrate ion contained 
in the medium, 
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Fig. 8. Perithecial formation by +CF, —CF and +CF from the medium con- 
taining NH4Cl, NH4NO3 and KNOs at different concentration ratio. 


The signs used in the figure show the following notes: ——@e——; perithecial 
formation by +CF, ° ; perithecial formation by —CF, ——_—a——; petithe- 
cial formation by +CF: [=—=|; NH,Cl, [__]; NH4NOs, 9; KNO3: 

The numerals on the upper and right part of the sign of concentration raito indicate 
the amount(gm/1.) and the ratio CNH4*): CNO37-) of these nitrogen sources. 
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Fig. 4. Perithecial formation of single sexual strain by +CF, —CF and +CF 
from the medium containing NH4Cl, NH,NO3 and KNO3 at different concentration 
ratio. The signs used in the figure show the following notes: ——@——; perith- 
ecial formation of a(—) single strain by +CF, fo) ; perithecial formation of 
AC+) single strain by —CF, ——a—— & —~a—-; perithecial formation of a(—) 
and A(+) single strain by +CF: [£—|;NHiCl, [ ]; NH4NOs3, Me; KNO;: 

The numerals on the upper and right part of the sign of concentration ratio indicate 
the amount (gm./1.) and the ratio (NH4*+) : CNO3~) of these nitrogen sources. 


2. The differential effect of NHs* and NO~3 on the formation of ascocar- 


pous organ 
Further experiment was performed to examine the amount ratio of nitrate and 
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ammonium nitrogen at which the maximum perithecial formation of the culture 
filtrate to the single sexual mating type strain was present. 

As shown in Fig. 4, the +CF showed the maximum formation of perithecia at 
1.6 gm. of NH4C1(3x10-2M) and 0.8 gm. of NH,NO3(10-2M), at 2.4gm. of NH,NO3 
(3x10-2M) and 1.0gm. of KNO3(1x10-?M) (Fig. 4-B&F) and the —CF showed the 
maximum formation at 2.4gm. of NH,NO3(3x10-2M) and 1.0gm. of KNO3(1x 10-2M ) 
(Fig. 4-F). On the other hand, the +CF showed the maximum formation at 2.4 gm. 
of NH,NO;(3x10-2M) and 1.0gm. of KNO3(1x10-2M)(Fig. 4-F). The number of 
perithecia formed by these three culture filtrates decreased according to increasing 
of the amount of NH;NO3 and KNO3 and decreasing of NHyCl and NH,NO3(Fig. 4, 
B-E, F-1). Thus it had been considered that the number of perithecial formed by 
the culture filtrate was a function of the amount of nitrogen sources added to the 


basal medium for the culture filtrate. 


Discussion 


It seems very important and interesting to comprehend mechanisms of sexual 
reproduction of heterothallic fungi biochemically. As far as the present knowledge 
extends, the effects of the culture filtrate produced from the basal medium contain- 
ing various nitrogen sources upon the formation and development of perithecia, 
asci and ascospores have never been described. A. Nason et al. (5) reported that 
the: mycelial incubation with either deficiency of nitrogen or a limited amount of 
nitrogen produced a marked increasse in DPN-ase and a decrease in alcohol dehy- 
drogenase. It is considered that such alteration in the cellular condition also should 
be taken into consideration when we deal with the relationship between the formation 
of perithecia and the functions of the nitrogen sources. In this report only the effect 
of inorganic type nitrogen on the perithecial formation will be refered to basing 
upon the experiment data described... 

Westergard & Mitchell(7) reported that KNO3 was the most effective nitrogen 
source for perithecial formation of all types of nitrogen source, comparing the rating 
of perithecial formation in various nitrogen sources by visual estimation. However, 
they had recognized also that an addition of a bit of ammonium tratrate (0.05 gmi/L) 
to a synthetic medium containing KNO; shortened a lag of first appearance of peri- 
thecium. This probably indicates that the presence of both NH*, and NO3- at 
suitable equilibrium in the medium would have promoted the formation of perithe- 
cia. As shown in Fig. 1, the number of perithecia formed on agar slant medium 
supplemented with NH,NO3 and (NHy)2CyH,Og at different concentration ratio is 
nearly proportional to increasing concentration of NH,NO3 and to decreasing con- 
centration of (NH4)2C,H,Og¢. Thus it is presumably suggested that the highest effect 
will be revealed at the equimolar concentration of NH,* and NO3- (Fig. 1-E). On 
the other hand, the effect of the +CF and +CF was present most remarkably at the 
almost equal amount of either nitrogen sources, and the —CF had the highest 
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effects at a. little richer amount of NH,NO; than that of the other nitrogen sources 
(NH4)2C4H,0. The highest effect of the culture filtrate will be revealed at the 
ionic concentration ratio (NH4*t)}: (NO37J=6:2 as shown in Fig. 1-C. Thus it appears 
that a propar balance between the concentration of NH,* and NO3°- is a prerequisite 
for the formation of perithecia in this strain. 

The same general conclusion was obtained in the preceding experiment by com- 
paring with the number, which was near the maximum, of the perithecia formed 
by the +CF, —CF and +CF to single sexual mating type strain mycelia (Fig. 2 & 4). 
In Fig. 2 the +CF and —CF produced perithecium vigorously at the amount of 
0.53 gm. of NH4Cl (1x 10-2M), 2.4 gm. of NHsNO3(3 x 10-2M) and at 2.4 gm. of NHsNO3 
(3x10-2M), 1gm. of KNO3(1x10-2M); on the other hand, as shown in Fig. 4, simi- 
larly at 1.6gm. of NH,Cl (3x10-2M), 0.8g¢m. of NH,NO3(1x10-M) and at 2.4 gm. of 
NH,NO3(3 x 10-2M), 1gm. of KNO3(1x10-2M). The author(4) pointed out already, 
that the perithecial formation activity of the +CF consists of the perithecial for- 
mation activties of the +CF, —CF and possibly other factors. If the perithecial 
formation is based upon the formation activity of both the +CF and —CF to either 
a(—) or AC+) single mating type strain mycelia, the concentration ratio of nitrate 
and ammonium ion required for presenting of the maximum effect of the +CF 
should. correspond to the sum of either ionic concentration ratio at which the 
+CF and —CF reveal the maximum perithecial formation effect. As shown in Fig. 
2-E, the ionic concentration ratio of NH,* and NO3~ at which the +CF showed 
maximum perithecial formation activity was approximately 3:4. On the other hand, 
in Fig. 2-C, the concentration ratio of NH,*+ and NO3~ at which the —CF showed 
maximum perithecial formation activity was approximately 4:3. The summation of 
the two ionic concentration ratios at which the +CF and —GF showed maximum 
perithecial formation activity as shown in Fig. 4-B & F was 25:12. Hence it is con- 
ceivable that the maximum formation effect will be presented at the ionic concen- 
tration ratio (NH,+}: C(NO3-)>1. However, as seen in Fig. 3-F and Fig. 4-F. the 
maximum effect presented by the +CF at 2.4gm. of NH,NO3(3x10-2M) and 1gm. 
of .KNO3(1x10-2M) must be considered most carefully. If mycelial fusion accom- 
panied by heterokaryosis. occurs vigorously with prolongation of the time of in- 
cubation for obtaining culture filtrate, the vigorous formation of perithecia of the 
+CF to single strain AC+) and a(—), as shown in Fig. 4-F, should be owing to 
some activity of the mycelial fusion and heterkaryon formation. Though in the 
case of the 72hr. culture duration the ionic concentration ratio of the maximum 
formation of the +CF was approximately 4: 3(Fig. 2-C), in the case of the 168 hr. 
it was 3:4 (Fig. 4-F). Supposing that mycelial fusion accompanied by heterokaryo- 
sis occurred owing to prolongation of incubation duration and some activity of my- 
celial fusion stimulated perithecial formation, in the case of the 168hr. the maxi- 
mum formation revealed at the ionic concentration ratio 3:4 might be depend upon 
some activity brought by the excess of NO3~. 
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As a consequence of these considerations, the effect of NH4sNO3 upon the normal 
perithecial formation would be composed of the effects of NH,* and NO3- at a 


particular concentration ratio and the other effects of NO3-. 


The author wishes to express his cordial thanks to Dr. N. Tanaka for his kind 
and valuable suggestion and correction of this manuscript. 


Summary 


In this report the effect of inorganic nitrogen containing NH4* and NO;- upon 
the perithecial formation in Red Bread Mold, Neurospora crassa, was studied. 
The nitrogen source containing NH,*+ and NO; was effective for the perithecial 
formation rather than the nitrogen source containing each one of either NO3;~, NO2- 
or NH,* respectively. The culture filtrate produced from the basal medium contain- 
ing NH,4t and NO3~ as nitrogen source showed the maximum perithecial formation 
effect when the medium was supplemented with the richer concentration of NH4* 
than that of NOs;-. 
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‘The effects of temperature on mutation rate are a very significant problem for 
studying the mechanism of mutation, because it is considered that mutation is a 
variation comparable with a chemical reaction. Plough (1941) studied this problem 
in Drosophila and found that the frequency of mutants followed a typical Van’t 
Hoff’s curve with a temperature coefficient of 5. 

In microorganisms, temperature coefficients have been reported to be from 0 to 
5, e.g. 2.5 and 5.0 in Phytomonas stewartii (Lincoln 1947), about 2 in Bacterium 
prodigiosum (Kaplan 1947) and 1.8 in Escherichia coli (Novick and Szilard 1950). 
The mutations studied in these microbes were of a morphological nature or to phage 
resistance. In this paper, the effects of temperature on the reversion rate of four 
different strains of Ustilago maydis all of which required homocysteine have been 
analysed thermodynamically. Based on the results obtained; the energy states of 


the genes in question have been investigated. 


Materials and Methods 


The four homocysteineless mutants used in the present experiments were strains 
5-103, 4-24, T4004 and T4005; the first two strains were kindly supplied by Dr. D. 
D. Perkins and the latter two were isolated from an unstable strain T4001 (Ishikawa 
unpublished). These strains require either t-homocysteine or .-methionine, but 
fail to grow in minimal medium supplemented with other substances related to methio- 
nine synthesis. 

The culture media and basic techniques were described already by Perkins(1949), 
and Ishikawa and Tanaka (1956). To determine the mutability at various different 
temperatures, these strains were cultured at 0, 7, or 5 and 10,15 20, 25, 30 and 35°C. 

Reverted colonies were detected by the following procedures: (1) An adequate 
number of parent sporidia suspended in complete medium were distributed in 1 ml 
lots into 10 sterile tubes at each temperature; (2) after incubation at each tem- 


* Contributions from the Divisions of Genetics and of Cytology, Botanical Institute, Faculty of 
Science, University of Tokyo, No. 365. The present study was carried out partly by grants from 
the Scientific Research Fund of Ministry of Education. 

** Botanical Institute, Faculty of Science, University of Tokyo, Tokyo, Japan. RIK AERA 
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perature for 72 hours, each culture was independently centrifuged and washed 3 
times in 0.9% saline; (3) then, the number of sporidia per tube was estimated ; 
(4) all the sporidia of each tube were plated on minimal agar media (for 4-24 alone, 
minimal medium supplemented with 1x10-5mg methionine ml-! was used in order 
to check partial reversion types); (5) after 7 days’ incubation the number of rever- 
ted colonies was counted. 

The mean number (m) of mutations was calculated from the median value in 
the frequency-distribution of the reverted colonies according to Lea and Coulson’s 
formula (Lea and Coulson 1949) or by the zero term of the Poisson distribution 
(Ryan and Wainwright 1954). The mutation rate (a) per sporidium per generation 
is given by the formula, 

_m|n2 
N 


where N denotes the mean number of sporidia per tube. The reversion rate per unit 
time could easily be computed when the generation time was determined. 


Results 


It has been reported that three groups of homocysteineless mutants of Ustilago 
maydis differed significantly in their spontaneous reversion rates (Ishikawa and 
Tanaka 1957). The Ist group (H-1) was most stable and the spontaneous re- 
version rate was 9x10-8 per sporidium per hour at 30°C; the 2nd group (H~2) was 
somewhat more unstable, reverting in a rate of 2x1076, and 3rd group (H73), the 
most unstable, reverted in a rate of 2x10-°. Among the H~9, strain 4-24 was 
characterized by yielding partial reversion types (Ishikawa and Tanaka 1956). In 
the present experiment, strain T4004 (H~-,), strain T4005 and 4-24 (H~-2), and strain 
5-103 (H-3) have been used to study the effect of temperature on reversion rate. 
The results obtained are summarized in Table 1. It is to be noticed that when 
reversion rate is computed per sporidium per generation as shown in 6th column 
of Table 1 the mutation rate increased at lower temperature and a minimum value 
was found around 20°C. But generation time varies at different temperatures, as 
shown in 3rd column of Table 1. Since it has been proved by Ryan (1955) that an 
other mutation can occur in nondiving cells, mutation rate per sporidium per hour 
is the most adequate unit for expressing the effects of temperature on mutation. 

It will be seen in Table 1 that in three strains of T4004. T4005 and 5-103 an 
almost proportional correlation seems to exist between reversion rate and tempera- 
ture. In strain 4-24, however, no such clear relationship has been found, one maxi- 
mum existing at 20°C. 

The temperature coefficients (Qi9) calculated from these measurements are 3.9, 
2.2 and 1.8 in strains T4004, T4005 and 5-103 respectively. 

If we assume that mutation occurs as a monomolecular reaction, the reaction 
velocity should correspond to mutation rate and we could apply following equation 
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Table 1. Reversion rate of four homocysteineless strains of Ustilago 
maydis grown at various temperatures for 72 hours. 


Generation Sporidia Mean number Reversion rate 


Steen gt at (hod) Es Fa of ; per sporidium persporidium 
ahs Bab B13) per generation per hour 
0) S12 9.3x 105 ONS 2.6x 10-7 3.6 x 10-9 
7 >72 2.1106 Jao) I SOR e 1.0x 10-8 
13 SHE 1.5x 106 2.4 1151050 1.5.x 10-8 
T4004 20 9.5 4.3 x 106 Doh 3.8x 1077 4.0 x 10-8 
25 2) 83 1. 4x 106 1.6 8.0x 1077 8.6 x10-8 
30 7.4 2.8 x 106 Ps Of 6.8x 107-7 9.2x10-8 
Bo ie 1.6 x 105 0.5 A Sous Belo Oma 
0 Si 4.3105 5.7 9.1 x 10-6 153 41087, 
5 S712 6.1105 14 1.21075 1.7 Xx 1057 
10 S72 4.6105 1.4 Zl oc Om 2.9x10-7 
T4005 15 18 4.0 x 105 8.7 5 1053 8.3 x 10-7 
20 9.4 5. 0 x 104 0. 4 4.8 x 10-6 5,107 
25 8.9 9.1104 itsal 8.4.x 10-6 9.5x10-7 
30 7.0 1.2105 22 1.3x10-5 1.9x10-6 
35 13.8 1.1.x 105 58 3.6x10-5 2.6x10-6 
0 >72 2.7108 weal! Soci LO 4.5 x 10-6 
7 Se 6. 6 x 103 253 2.4x 10-4 3.3x10-6 
13 3247. 2.1 104 Saul eZ olOime 3.7x19-6 
5-103 20 Wee, 8.1x 104 10 8.8x10-5 1.2x10-5 
25 7.6 BSP Seles 11 1.3x10-4 1.7x 10-5 
30 4. 4 1.6 x 105 21 8.9x 10-5 2.0x10-5 
35 6.6 9) 0x 104 1g 1.4x 10-4 ZL 1058 
0) >72 1.1 x 105 14 8.8x10-5 172 x 10-6 
5 Sol? 1.2105 118} 7.3x 10-5 1.0. x10-6 
10 59.0 2.9105 21 5.0x10-5 else OR t 
4-24 15 13.8 Sy be 105 2 4.4 x 10-5 3.2x10-6 
20 6.2 1.3105 14 7.5x10-5 1.2x10-5 
25 Bes (f 5.5x105 OR. 1251050 ee 2G 
30 5.6 1.3 x 106 9.6 5.1 x 10-6 OUI salOss 
30 12 aie Oe 14 1.7x10-4 2.4x10-6 
for the rate (a). 
GPO ALLE CS OT Ae aes A ee eee a GD) 


where mC is a constant value and considered to be a frequency factor, W is activa- 
tion energy of the gene in question, R, the constant, 0.86x10-4 ev, and 7, the ab- 
solute temperature. 

The logarithm of equation (1) is: 


ln.a=lIn nC—W/RT 
dog a=log mC— W/1:98 x1078Te Fah ced ss C2) 


we can see almost linear correlation between Jog a and 1/T in Fig. 1, and can take 
- the tangent of the line which represents the value W/1.98x10-*. Therefore, the 
activation energy, Wand the frequency factor, mC can be obtained in the relationship 
in Fig. 1 and equation(2). -W and nC values of T4004, T4005, 5-103 and calculated 


by the present authors from measurements reported in literatures follow: 


186 ha ty Se ME RS 
Strain a 
Organisms or 
mutation (hour~1) 

Ustilago maydis T4004 9.2 «10-8 

" T4005 1.9x 10-6 

” 5-103 2.0x10-5 

" T4001 1.2x10-4 

Drosophila CIB 2.8x10-5 

” bb 1.1 10-6 

” chromosome II 1.0x10~4 
Bacterium 

prodigiosum r 7.9x10-4 

” Wi 4.6x10-3 

" We ef an Us 

Phytomonas stewartii 400 1.3x10-4 

” 401 1.8x10-5 

Escherichia coli Ts Resist. 8.3 10-9 


10-5 


10-6 


10-7 


Reversion Rate (Hour-) 


10-8 


1/303 1/293 1/283 1/273 
1/T 
Fig. 1. Effect of temperature on reversion 


rate in three strains of Ustilago maydis. 
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W nC - 
Q10 uthor 
(ev) (hour~1) 
3.9 0. 92 3.2108 present data 
ae ft 0.65 1.1105 = of 
1.8 0. 42 1.7x102 " 
i323 0.24 1.2 x 10° Ishikawa 
unpublished 
6.6 1.35 8 x1017 cited by Kaplan 
3.8 0.95 6.6 x 109 (1947) 
5 20 9 x1016 Plough (1941) 
PARA 0.58 3.3 x 106 Kaplan (1947) 
2.0 Oe 2.5 x 106 ” 
2.4. 0.59 1.7x107 ” 
ae if Leon, 8.1x1018 Lincoln (1947) 
2:7 0. 80 3.6x 108 " 
1.8 0.48 8.3x10—-1 Novick and 
Szilard (1950) 
x Bw, 
x B.ws 
10-3 
xB.r 
P4009 
10-4 * 
os O.CHR.I 
P 
ts 0.c18 
» 10-5 
Ss 
4 
r= 
- 
§ 
5 10-6 
= 
U.T4004 
10-7 
10-8 


x E.T.RES. 


0.5 


Activation Energy (ev) 


1.0 1. 


Fig. 2. Relationship between activation 
energy and mutation rate in 13 mutations referred. 
B.-Bacterium prodigiosum; D.-Drosophila; E.- 
Escherichia coli; P.-Pseudomonas stewartii; U.- 
Ustilago maydis. 


June 1957 Bot. Mag. Tokyo, Vol. 70, No. 828 187 


It has to be mentioned that 
20 since the temperature coefficients 
of these various organisms had 
been measured in the range of 
temperatures in which they were 
15 cultured, in the values of a@ now 
listed, an arbitrary change, when 
necessary as in the cases of Dyro- 
sophila or E. colt, has been made 
10 to ease comparison among difte- 
rent species. These values were 
re-calculated at the level of 30°C. 


Of course, this temperature seems 


Log Numeber Frequency Factor (Hour-!) 


5 unusual for Drosophila, but it has 
been assumed that the present 
conversion could be materialized. 

The mutation rates were plot- 

0 ted against W-values in Fig. 2. 


x S a 
Ets Res A linear correlation was found 


0 0.5 1.0 1.5 for the four strains of Ustilago 
Activation Energy (ev) maydis, but no such relationship 
Fig. 3. Relationship between activation obtained for the figures for other 


energy and log number of frequency factor 


rganisms. 
in 13 mutations referred. B.-Bacterium pro- sl Seong ‘ as fom 
digiosum; D.-Drosophila; ¥.-Escherichia coli; In Fig. 3, the activation energy 
P.-Pseudomonas stewartii ; U.-Ustilago. maydis. and log wC-values for the 13 ex- 


amples referred to are reproduced 
to see whether or not they correlate with each other. Two linear correlation lines, 
(A) and (B), are obtained. The single measure of phage Ts resistance in E. coli 
is separated. Line (B) contains mutations measured by the CIB method and on 
chromosome II of Dvosophila, in strain 400 of Phytomonas stewarti and in Bacterium 
prodigiosum. Line (A) contains the other mutations referred to. 


Discussion 


The relation between temperature and mutation rate per generation represents 
the number of mutations occuring during the period of one generation at various 
temperatures. But generation time varies significantly in cultures incubated at 
different temperatures. Since mutation can occur independently of cell division 
(Novick and Szilard 1950, Ryan 1955) and increase of mutation was shown in aged 
seeds (cf. Gunthardt et al. 1953), it is reasonably presumed that the probability to 
mutate becomes larger as generation time is prolonged. The results obtained coin- 
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cide with this presumption and suggest that mutation will occur in the course of 
metabolism for duplication of genic material as a function of the time for the 
metabolism. Therefore, the effect of temperature on mutation rate has to be ex- 
pressed as a rate per cell per unit time in order to exclude the difference in gene- 
ration time. From this view point, the fact that mutation rate increases at lower 
temperatures in higher organisms (cf. Roades 1941, and Faberge and Beale 1946) 
has to be reconsidered in relation to this discrepancy. It also seems necessary to 
reappraise other complicated effects of temperature on mutation of microorganisms 
(cf. Lincoln 1949). 

Definite temperature coefficients were found in the relation between temperature 
and mutation rate per hour. It could be deduced theoretically from equation (1) 
that the higher the mutation rate, the smaller the temperature coefficient. In fact, 
data presented in this paper accord well with this presumption. Temperature co- 
efficients in the range of 1 to 4 for the biochemical mutations studied in the present 
experiments are almost the same as the values calculated by other authors and seem 
to correspond to Van’t Hoff’s coefficient. It is rather curious that temperature had 
displayed no effects on phage T, resistant mutation (Witkin 1953). A maximum 
effect of temperature on mutation was shown in strain 4-24. As already reported 
in a previous paper (Ishikawa and Tanaka 1956), strain 4-24 has a rather complex 
nature inasmuch as it reverted to wild type through 3 steps inspite of the single 
block between cystathionine and homocysteine which is presumed to be a one step 
reaction. The reason why temperature has maximum effect on mutation at 20°C 
is yet unclear. 

An hypothesis developed from biochemical considerations on mutation is that 
mutation is a biochemical reaction with a definite temperature coefficient. Then, 
equations (1) and (2) were postulated for the mutation rate, activation energy and 
frequency factor as shown by Timofeeff-Resovsky ef al. (1953), Schrédinger (1943) 
and McElroy and Swanson (1951). According to these equations, the values of 
activation energy and frequency factor were obtained for some organisms. The 
definite correlation between log number of mutation rates and activation energy in 
the 4 mutants of Ustilago maydis related to homocysteine synthesis shows that si- 
milar genic substances are involved in mutations and that the substances differ from 
each other only in energy for activation. 

Two kinds of linear correlation, (A) and (B), were found between activation 
energy and log number of frequency factor. The mutations of chromosomes of Dyo- 
sophila and of Phytomonas on (B) should concern many genes. If 2 is 103 or 104 
in (B), and log C/n, which will represent the frequency factor for one gene, is 
plotted against activation energy according to Kaplan (1947), the (B) line will coin- 
cide with (A) except for the mutations in Bacterium prodigiosum. This does not 
fit Kaplan’s consideration in which the 3 mutations of Bacterium prodigiosum are 


related with few genes. However, as far as this experiment is concerned, it will 
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be suggested that the log number of the frequency factor for a gene becomes pro- 
portional to its activation energy. Differences in the reversion rates, activation 
energies and frequency factors may indicate that the genic situation in the 3 groups 


of homocysteineless strains differs thermodynamically, suggesting a situation similar 
to pseudoallelism. 


Summary 


The reversion rates per unit time of homocysteineless strains of Ustilago maydis 
were determined at seven or eight temperatures. The temperature coefficients were 
3.9, 2.2 and 1.8 and activation energies, 0.92, 0.65, and 0.42 ev respectively. 

The relationships between reversion rate and activation energy, and between 
frequency factor and activation energy were analyzed. It was suggested that the 
various mutants have a pseudoallelic nature. 


The authors wish to express their thanks to Dr. F. J. Ryan for his helpful advice 
and suggestions given in :this work and thanks are also due to Dr. D. D. Perkins 
who has kindly supplied the original strains of Ustilago maydis. 
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Effects of Monochromatic Ultraviolet Rays on Yeast Cells. 
V. Color Change of Carotenoid Pigment in the Parent 
and the Variant Strains under Cool Condition* 
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In the preceding papers (Iguti, 1953, 1955), it was shown that seven variant 
strains of the yeast, Torula rubra Saito, were obtained by irradiation with ultraviolet 
light at wave lengths of 2618 A and 2825 A, and with unfiltered ultraviolet. Six 
of these strains (2606r, 2613, 2805r, 2814, uv-llr and uv-18r) grew rapidly, and 
the seventh (2616), slowly. In the winter of 1954-55, the writer observed on 
occurrence of unexpeced color changes in the colonies of these strains, outside of 
the incubactor. Then, attempt was made to gain fundamental information as to the 
effect of temperature upon the colonial color and to investigate the nature of the 
pigment of these strains, with special reference to color variations occurring at low 
temperatures. Following are the results obtained, as regards both visible color 
shades and absorption spectra of the carotenoid pigment of the origanisms when 
reared under both warm and cool conditions. 

The writer wishes to express his sincere thanks to Prof. Lr. Y. Yamaguti for 
valuable suggestions and criticisms, and to Dr. Y. Watanabe for active intrerest and 
generous assistance in preparation of the manuscript. Thanks are also due to 
Mr. T. Takano of the Faculty of Education, Ibaraki University, who gave ample 
facilities for the use of the Beckman spectrapotometer. 


Material and Method 


Yeast strains and culture medium. The above mentioned seven variants and 
the parent strain were cultured at 7-10° C for 6-7 weeks and at 22°-25° C for 3-4 
weeks. At the end of the culture periods, extraction of the pigment were made for 
absorption spectrography. Colors of the colonies reared on cool slant agar were exa- 
mined 3, 7, 14, and 21 days after inoculation, and those reared under warm conditions 
after 7, 14, and 28 days. The culture medium employed consisted of 1 liter of dis- 
tilled water, 150gm cane suger, 15 gm peptone, 5 gm KH2PO,, 2gm MgSOQ,, 10cc 
yeast extract, and 20 gm agar. After boiling, 7 cc of the medium was introduced 
into a series of test vials for sterilization and use. 
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Extration and fractionation of pigments. Fresh 1 gm of each strain was grond, 
and then extracted with methanol and petroleum ether by turns. The resulting 
residues were again extracted repeatedly with carbon bisulphide until they were 
completely decolorized; the extracts were dried in the current of air free from 
oxygen by having been passed through alkalic pyrogallol solution, dissolved into a 
small quantity of petroleum ether, and put together with the above mentioned 
petroleum ether and methanol extracts. With a small volume of water (10 per cent 
of the methnol quantity) added to this mixture, some parts of the pigment were 
driven into the petroleum ether layer, and then collected by means of a separatory 
funnel. In the methanol layer were found some xanthophylls, slightly yellow in 
tint; this layer was shaken together with a small quantity of petroleum ether in 
order to collect other petroleum ether-soluble parts still retained in it. After separa- 
ting it from the methanol fraction, the collection was put in the above-mentioned 
petroleum ether fraction. Thereafter, all the petroleum ether fractions were washed 
clean of methanol, and treated with a 5 per cent alcoholic potassium hydroxide 
solution at a temperature of 5-7° C for saponification. After an 18 hour period of 
saponification, with use of some water (20 per cent of alcoholic quantity), most of 
the neutral pigments were transferred from the mixture to the petroleum ether 
layer. and prepared as an orange-colored solution by repeating saponification and 
fractionation (Yamazaki et al., 1941). The alcoholic hydroxide fraction being well 
washed with, and then separated from, petroleum ether, a rose-colored solution of 
acidic pigments was obtained. For quantitative measurments, the endvolume of the 
petroleum ether, the methanol and the alcoholic hydroxide extracts was adjusted, 
each with its own solvent used, to 15, 20 and 33 cc, respectively. 

Absorption measurement. The absoption of the extracts of definite endvolumes 
was determined in the spectral range of 340 to 660 mp inthe Beckman quartz photo- 
electric spectrophotometer. 


Results and General Remarks 


Effect of temperature upon colonial color. At temperatures of 22° to 25° C, no 
notable difference can be seen in colonial color in these strains, all assuming an 
orange tint within one week after inoculation. But when aged, they come to show 
delicate differences in color shade: the parent strain becomes slightly dirty-orange ; 
both strains of 2805r and uv-1Ir, slightly orange-red; and the others (2814. 2606r, 2613 
and 2616 strains). slightly red-orange (Table 1). In contrast, at low temperatures 
(below 10° C), the colonies begin to change their initial orange tint within one 
week after trasplantation from the warm cultures, and take on different color shades 
in different strains within three weeks. The results are given in Table 2. In most 
of the strains, as shown by the tabulated data, low temperature appears to tinge 
the colonies with red, to a greater or lesser degree. These findings may inidicate 
that the strains deffer as regards activity of pigment formation, and that the diffe- 
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rences in colonial color are greatly enhanced under cool temperature conditions. 
When replaced in the incubator and reared at 27° C, the colonies found to have 
been diversely pigmented at low temperature come to have rather similar shades, 
as was found in Rhodotorula glutinis (Nakayama, 1952), but they still show delicate 


differences in tint, i.e., either orange or red-orange, or orange-red, according to the 


nature of the strains. 


Table 1. Table 2. 
Colonial Color Shades of the Strains Colonial Color Shades of the Strains 
Cultured at 22-25° Cultured at 5-7°C 
strain one we2k four weeks strain 3 days 7-14 days 21 days 
parent orange slightly dirty orange parent orange orange red-orange 
2805r ” slightly orange-red 2805r ” slightly orange light orange 
2814 " slightly red-orange 2814 ” orange-red red 
uv-llr slightly orange-red uv-ll1r " light rose rose-red 
uv-18r_ / slightly red-orange uv-18r ” light rose - rose-red 
2605 ” 7) yn ow 2606r 7] orange-red dirty orange-red 
2613 i 7 row © 2613 " ros2 rose red 
2616 ° on ” iP : 2616 " slightly dirty orange dirty red-orange 


Absorption-spectroanalysis of the extracts. 

1. Methanol extracts. The spectrophotometric data on the methanol extracts 
from the cultures at temperatures of 10° C and 25° C are graphed in Figures 1 and 
2. Within the range of 340 to 660 my, there is found in the methanol extracts 
neither a characteristic absorption band nor any appreciable difference in absorption 
curve at different temperatures. This may suggest that methanol-soluble pigments 
probably nothing to do with the difference in colonial color, and that low tempera- 
tures, such as 10° C, scarcely affect that development of these pigments by the 
organisms, except for the 2805r strain, in which the production of a pigment or 
pigments, with two absorption maxima present at 524 and 550 my, is slightly stimula- 
ted by low temperature. 


2. Petroleum ether extracts. Absorption spectra of the petroleum ether extracts 
are presented in Figures 3 and 4; Figure 3 represents the data obtained from the 
cultures at 10°C, and Figure 4, those from the cultures at 25°C. The graphed data 
in these figures show that the extracts from the cool cultures have two absorption 
maxima, generally at ca. 450 and ca. 480 mp, while those from the warm cultnres, 
with the exception of the extracts from the parent strain, give a slight indication of 
another maximum at ca. 520 mu. Therefore, the principal pigment in the petroleum 
ether extracts may be regarded as @-carotin, having a three banded spectrum with 
the maxima at 451, 484 and 521 mp (Lederer, 1938). In each strain, upon exposure 
to.a low. temperature of 10°C, the pigments soluble in petroleum ether are con- 
siderably increased, but with their third maximum, at ca. 520 mp, being inconclu- 


sively noted, it still remains to be proved whether these pigments are the same as 
those produced at high temperature. 
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Fig. 1 and 2. Absorption spectra of methanol extracts from the cool cultures (Fig. 1) and 
from the warm cultures (Fig. 2). Ordinates represent extinction value, E, and abscissae, 
wave length in my. Symbols in Fig. 2. as in Fig. 1. 


3. Alcoholic potassium hydroxide extracts. The results obtained are graphically 
represented in Figures 5-8; the data on the cool cultures are given in Figures 5 and 
6, and those on the warm cultures, in Figures 7 and 8. As shown by these graphed 
data, the decrease in temperature from 25° to 10°C results in a marked increase of 
the alcoholic hydroxide-soluble pigments. absorption maxima of which are in the 
spectral ranges of 460-475, 490-500 and 520-530 my each. But in the range of 460- 
475 mp in the extracts from the warm cultures, parent and the 2805r strains, and 
in those from the cool cultures, strains 2814 and 2613, and also in the range of 
520-530 my in the extracts from the warm culture of the 2606r strain, the maximum 
is not present. Thus, the pigment in these extracts seems to be either a certain 
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Figs. 5-8 Absorption spectra of alcoholic hydroxide extracts from the cool cultures Fig. 
5 and 6). and from the warm cultures (Fig. 7 and 8). Ordinates, abscissae 
and symbols as in Fig. 1. 
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carotenoid complex or an unknown pigment with a three-banded spectum present. 
General remarks. As has been pointed out, the methanol-soluble pigements are 
not closely associated with the differences in colonial color. In the coler shades of 
the present material, either the orange color of the petroleum ether extract or the 
rose color of the alcoholic hydroxide extract is evidently predominant. However, 
the differences in extinction value at the wave length of maximum absorption, E(x 
max.), of either extract are found by no means to be in accordance with those in 
colonial color shade (Table 3 and 4). But it seems still to be within the bounds of 
possibility that the color shades are concerned in some way or other with the relative 


Table 3. 


Colonial Colors and E ()» max) values of the alcoholic hydroxyde and the petroleum 
ether extracts of the Strains Reard at 10°C. 


: E(480mp.) for 
sain eli color on getter’, BCIQOM, 04 Rati 
parent red-orange 0.730 0.135 0. 185 
2805r light orange 1.100 0.181 0. 164 
2814 red 0. 335 0. 120 0. 358 
uv-llr rose-red 0.717 0. 257 0.358 
uv-18r rose-red 0. 795 0.288 0.362 
2606r dirty orange-red 0.712 0. 166 0. 233 
2613 rose-red 0.682 0. 240 0. 352 
2616 dirty red-orange 0.657 0. 183 0. 279 


amounts of the pigments contained in the two extract. To examine whether this is 
really the case, the ratio of E(A’ max.) of the alcoholic hydroxide extracts to that 
of the petroleum ether extract is calculated for each strain, and listed in the last 
columns Tables 3 and 4. 

By reference to the data given in Table 3, it will be seen that in the cool cul- 
tures of the strains examined, the variations in E(Amax.) ratio afford a rather close 
parallel to those in the colonial color, and the colonies become increasingly reddish 
with increase in this ratio, as in the sase of Rhodopseudomonas spheroides (van 


Table 4. 


Colonial Colors and E () max) values of the alcoholic hydroxide and the the 
petroleum ether extracts of the Strains Reared at 22-25°C 


colonial color on E(480 or 490m) E(490 or 500mp) 


strain “fourth week pps Mea ape eine SoS 
parent slightly dirty orange 0.595 0. 085 0.143 
2805r slightly orange-red 0. 667 0.150 0.225 
2814 slightly red-orange 0.216 0.080 0.370 
uv-llir slightly orange-red 0. 405 0. 130 0.321 
uv-18r slightly red-orange 0. 492 0.080 0.163 
2606r ” ee 0.323 0. 025 0. 073 
2613 " now 0. 660 0. 100 0.152 


2616 ” yon 0.187 0. 034 0. 182 
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Niel, 1947). In consequence, under cool temperature conditions, it is highly prob- 
able that different color shades are brought about in different strains by different 
proportions in acceleration of the production of the rose-colored acidic pigments and 
of the orange-colored neutral pigments. As shown in Table, 4 however, the deli- 
cate variations in color shade of the warm-culture strains do not accord with those 
in E(Amax.) ratio, aud are in general much more shifted toward the orange side 
than indicated by the numerical valure of E(Amax.) ratio calculated. This discre- 
pancy is perhaps due to the low rate of pigment production under warm conditions, 
especially to the extremly low production of the acidic pigments. 


Conclusion and Summary 


Change in colonial color caused in the low temperature cultures was investigated 
with seven variants and the parent strain of the yeast, Torula rubra Saito. All the 
strains examined differ from one another in development of colonial color at tem- 
peratures of 7-10°C, but such differences are markedly reduced in the cultures at 
22-25°C. The methanol extracts from any of these strains have no characteristic 
absorption band, and their absorption spectra are not affected by changing the tem- 
perature at which the cultures were made. In the extracts from the cool cultures, 
either with alcoholic potassium hydroxide or with petroleum ether, the observed 
extinction values are greatly increased. However, the differences in colonial color 
shade of the strains are not comparable with those in extinction value at the wave 
length of muximum absorption, E(Amax.), of either extract, but they are with 
the differences in ratio of E(Amax.) of the alcoholic hydroxide extract to that of 
the petroleum ether extract. This may suggest that under cool conditions the pro- 
duction of the components contributing to the absorption spectra, i.e., the rose- 
colored acidic pigments and the orange-colored neutral pigments, are differently 
accelerated in different strains. In contrast, under warm conditions, the colonial 
color shades of the strains do not accord with their E(Amax.) ratios, probably be- 
cause of a low rate of pigment production, especially of an exceedingly low pro- 


duction of acide pigments. 
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Somatic chromosomes of Aster. 1800. 
1. A. glehni, 2n=18. 2. A. tataricus var. fauriei, 2n=54. 
3. A. ageratoides subsp. ovatus var. yezoensis, 2n=36. 


4. A dubius subsp. glabratus var. angustifolius, 2n=18. 
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Figs. 5-12. Photomicrographs of somatic chromosomes of Ast¢er, x1500. 5. A. 
glehni from Abuta, 2n=18. 6. A. glehni var. hondoensis from Kamik6échi, 2n=18. 7. 
A. tataricus,2n=54. 8. A. tataricus var. fauriei, 2n=54, A. ageraloides subsp. ovatus 
from Mt. Rokko, 2n=36. 10. A. ageratoides subsp. ovatus var. yezoensis from Zeni=) 4 
bako,2n=36. 11. A. dubius subsp. glabratus from Mt. Karamatsu, 2n=18. 12.A.dubius 
subsp. glabratus var. angustifolius from Mt. Apoi, 2n=18, 


SO ra A oe A is eet 
FTL KEV Rae LB, MHOKME 
MEN L, TRAST Ye ¥ TDA RAY pS 
C, FENMOBMRART EKRARARLR 
Rath LORS SOBLeV 7 av¥ Wlosswc 
BUS, (hO3 Mic Chia ChA, Beat 
Kis LOVRPoHWMRtS Ese Y ae FLV 
TRAST STE T(L2MCHAAB, AP zvVY 


AVIRA, =v aye RE 4 
t&B2b6N4So 

TBE eMio CW SABRE FA KEEZAEONS 
RF LOMBRE ORR ERAN ade 
CfAIFLA EIFS. PRD eS F So RK 
= hl A CHA RAB AR ICRMORLHD 
to 


June 1957 Bot. Mag. Tokyo, Vol. 70, No. 828 201 


Table 1. Measurements of somatic chromosomes in A. ageratoides 
Subsp. ovatus var. yezoensis 


Chromosomes Length in p Sees F % Centromere 
12, 8.4=4.842,44+1.2. 100 43 sm 
3, 4 7,2=4.24+1.841.2 86 42 sm 
5,6 7.2=4,243.0 86 |) (C42 sm 
7,8 6.0=3.642.4 Tol 40 sm 
9,10 5.4=3,0+2.4 64 | 44 sm 

Hs 5.4=3.042.4 64 44, sm 
13, 14 5.4=3.042.4 64 4A, sm 
15,16 5.4=3.042.4 64 44, sm 
17, 18 5.4=3:042.4 64 4A, sm 
19, 20 4.2=2.441.8 50 | 43 sm 
Zileee2 4.2=2.441.8 50 43 sm 
23, 24 3.6=2.441.2 43 | 33 sm 
25, 26 3.6=2.441.2 43 | 33 sm 
27, 28 3.0=1.841.2 36 | 40 sm 
29, 30 3.0=1.841.2 36 40 sm 
31, 32 3.0=1.841.2 86 40 sm 
shor) 3.0=1.841.2 36 40 sm 
35, 36 2.4=1.24+1.2 29 | 50 m 
Summary 


1. The karyotypes of 4 species of Aster from Hokkaido and Saghalien are 


reported. 
2. There can be found no difference between the karyotypes of the four taxa 


and those of the corresponding relatives in Honshu. 


5| A x mR 


1) #RURNGRME, HEME 66: 262 (1953). 2) ————, fiME 67: 184 (1954). 3) ——_., if 
Me 68: 98 (1955). 4) ———, fie 69: 150 (1956). 5) Kitamura, S., Mem. Coll. Sci. 
Kyoto Imp. Univ. Ser. B. 13: 1 (1937). 
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Double-Leaf Formation in Sesamum indicum L.* 


by Jun HANAWa** 


ts IR: tT ~ OMAERE DT RICO c* 


Received February 16, 1957 


In a study reported in the previous paper (Hanawa and Ishizaki, 1953), it was 
found that the embryo of Sesamum indicum L. was a suitable material for investi- 
gating morphogenesis, and that the embryo which was deprived of seed-coat and 
divided by a longitudinal cut into halves was capable of growing, that is, the opera- 
tion did not essentially prevent the growth of the seeding but the divided plumules 
regenerated normal shoots. Moreover, at the time of regeneration of new plumule, 
the first foliage leaves frequently fused side by side into one double-leaf. 

Pilkington (1929) investigated regeneration of shoot apices of Vicia faba and 
Lupinus albus after decapitation, a median split or a prick of the apex. Snow and 
Snow (1935) cut the decussate apex of Epilobium hirsutum by a diagonal cut, and 
found that new apices were formed from both halves by regeneration. Similar cases 
were also exemplified by Ball in a series of his experiments (1948, 1950a, b, 1951, 
1952, 1955). 

The regeneration of the new plumule in Sesamum occurred in the same manner 
as reported by the investigators cited above. However, the formation of the double- 
leaf was never studied by them. The causes and the processes of the double-leaf 


formation are particularly investigated in the present experiments. 


Material and Methods. 


In the earlier stages of development, Sesamum indicum L. shows a decussate 
phyllotaxis, which, however, turns gradually into a spiral one. The first foliage 
leaves arise simultaneously on both sides of the apex in its intercotyledonary plane. 
The second pair of leaves is set in the plane of the cotyledons. The rest of the 
pairs decussates for several nodes, and then two members of a pair shift out of the 
same level so that the decussate arrangement is eventually lost in the upper part. 

In the present experiment the positions of the opposite leaves of the first pair 
were frequently so moved on ths same level as to unite together (Fig. 2). 


* Supported by a grant from the Science Research Fund of the Ministry of Education. 
** Department of Biology, Faculty of Science, Tokyo Metropolitan University, Tokyo, Japan, 
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a Seale) 
Fig. 1. Diagrams — - 
showing the plane of Fig. 2. Double-leaves of different grades of 
cut in reference to fusion. a, frequent form of double-leaf. b, a 
Sesamum embryo. a, case showing two leaves at close approxima- 
side view. b, apical tion. 
view. Il: the second foliage leaf, only one arising. 


Incision of the shoot apex was made across the two leaf-primordia between 
the cotyledons (Fig. 1), following the technique reported in the previous paper 
(Hanawa and Ishizaki, 1953). Irrespective of that the split sometimes reached the 
hypocotyl or even as far down as the radicle of the embryo, a double-plant was 
obtained after successful regeneration of new shoots. 

Embryos subjected to the operation were allowed to grow, at first on wet filter 
paper in Petri dishes, and when the seedlings grew about 2cm high they were 
transplanted to soil. 

The processes of regeneration of new apices and formation of double-leaves 
were observed daily under a binocular microscope, and at the same time histolo- 
gical preparations of the regenerating apices were made. The materials were fixed 
with F.A.A., sectioned and stained with Delafield’s haematoxylin. 

On the other hand, various types of the first foliage leaves developed from the 
halved plumules were recorded in order to obtain a crude idea of the frequency 
standard of the different types. 


Development of the first leaves on the normal and the operated 
plumules 


The processes of leaf development on the operated and the intact plumules were 
compared. Fig. 3 shows the differences somewhat diagrammatically. In the case of 
the normal intact seedlings, in order to have a clear view of the plumules, one of 
the cotyledons was removed. During the first day after sowing, leaf-primordia of 
the intact embryo showed enlargement as two tiny mounds. The ‘mounds, i. e. leaf- 
primordia, grew separately on the opposite side of the shoot apex, and developed 
eventually into two opposite leaves (Fig. 3 a-d). In the operated embryos, various 
forms of the first foliage leaves ranging between double-leaf to normal one were found. 
On some halves of the plumules, leaves failed to appear entirely. In most cases, 
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one member of the double-seed- 


ling acquired a double-leaf, SERRE ay ext 
while the other obtained a nor- ( if | | 

1 
mal leaf. In some cases both a Cc 


halves developed a double-leaf 
respectively. These various 
types are represented by the & M 
numerals in the left column of ; ae 
Table 1, in which 2 designates € f g h 
a double-leaf, 1 a normal leaf, 


; Fig. 3. Leaf development illustrated somewhat 
1/; two opposite leaves, and 0 diagrammatically, a-d, normal development of the 
means no leaf. Consequently, opposite leaves. e-h, development of the double-leaf on 


2-2 means that both of the ‘he halved plumule. 


regenerated plumules are provided with “iat ee ics Ga reMh Loe eious 


double-leaves. Numerals in the middle forms of the first leaves developed 

and the right columns show numbers of on the operated plumules. 

individuals observed 17 and 27 days after Forms | 17 days after | 27 days after 

‘ the operation | the operation 

the operation respectively. Differences 

of the number between the two columns ar S Bo 

are due to death of some seedlings or 2—1 37 34 

delayed development of some leaves. 2—0 13 8 
When the double-leaf is formed, the ey - 4 

two half leaf-primordia, which were 

strictly opposite to each other across sie ns i 

the apex at the time of cutting, are 0—0 3 1 

found in adjacent positions on the 1/;—0 8 " 

outside of the new shoot, by the time oe 6 ji 

a double-leaf is definitely recognized yil-2 : A 

by a binocular microscope (Fig. 3 e, f). 

When the leaves are fused, the apex fi a . 2 

naturally comes to be hidden from out- Total 107 86 


side (Fig. 3 g, h). 

The transverse sections through the apices of the normal and the regenerated 
shoots make anatomical situations clear (compare Fig. 4a with e-h). Fig. 4a illus- 
trates the normal leaf-arrangement in an unoperated seedling. Fig. 4e-h represent 
serial sections of a regenerated shoot with a double-leaf, showing the convergence 
of the leaves toward outside of the apex from the original position. Fig. 4b-d re- 
present the serial sections of an individual in which the position of leaves is the 
same as normal, in spite of splitting. In this case the plumule may have failed to 
be split or may have been split on extremely lateral side. 
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Fig. 4.. Transverse sections through the apical region, showing the leaf arrangement. 
a, decussate arrangement in normal seedling, grown. 4 days. b-d, serial sections of an in- 
dividual with opposite leaves formed on the operated apex, grown 10 days. e-h, serial sec- 
tions of an individual with a double-leaf, grown 7 days. Ap: apex, Co: cotylendon. a, — 
x29. b-d, x40. e-h, x54. ; : 


From these observations it is suggested that the formation of the double-leaf 
has a close bearing to the processes of shoot regeneration. eeu 


Shoot Regeneration 


During the first day. after the operation, the plumule does not show any recogniz- 

able growth, except the fact that, in sections, cell division within the uppermost 
part of the cut causes a slight bulge of the halved plumules above the subjacent 
part of the hypocotyl, where cell division has not begun yet (Fig. 5b). Since the 
cells injured by the microscalpel are disintegrating, the surface of the cut is now 
lined with underlying uninjured cells. 
_ During the second day after the operation, further cell division within the plumule 
makes the bulge more conspicuous (Fig. 5c). Cell division beneath the wound 
surface spreads toward lower levels, and the cut surface is covered by the densely- 
staining remains of the dead cells. By the third day after the operation the re- 
generation of the shoot apex is almost completed (Fig. 5d). 

The regeneration of shoot is apparently brought about by the mass of the 
meristematic cells formed by the cell divisions in the plumule. The new apex is 
situated in the central part of the mass, while the edge of the mass which was orig- 
inally a central region of the plumule makes the flank meristem (Fig. 5d). 
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Fig. 5. Longitudinal sections, showing shoot regeneration. a, vertical split through the 
median plane of the embryo immediately after operation. b, apical region of the cut, 1 day 
after the operation. c. regenerating apex, 2 days after the operation. d, apex almost com- 
pleting regeneration, 3 days after the operation. e, the first foliage leaf, appearing on the 
cut side of the apex, 4 days after the operation. f, the same, 7 days after the operation. 
co:cotyledon, p: plumule, ap: new apex. a, x50. b, x 260. c, x 48. d, x 125. e, x 100. f, x75. 


The above facts can be interpreted as indicating that the new apex is reorganiz- 
ed from the cells which were to be lateral region if the original apex were left 
intact. The first foliage leaves, on the other hand, arise on the cut edge which 
now lies on the flank of the new apical meristem. 


Discussion 

The regeneration of the apices following the longitudinal split has been investi- 
gated by several workers. It was found that the new apex grew out from the un- 
injured surface of the original growing point, and in no case did regenenation of 
the apex take place from the wound surface (Pilkington, 1929). Ball (1948) found 
that when the apex of Lupinus albus was subdivided into quarter-segments by 
vertical incisions through the center of the apical meristem, the approximate center 
of the quarter, which was a lateral portion of the original apex, became the tip of 
the new apex, the cells adjacent to the center of the original shoot apex failing to 
become the point of regeneration of the new apex. That a new shoot apex devel- 
ops from the flank of the original shoot apex was also shown in the other experi- 
ments, in which the central initials of the apex were cut out by a wedge-shaped 
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sector (Ball, 1950a, b), or a small panel of the flank meristematic tissue was sepa- 
rated by two vertical cuts (Sussex, 1952). The same situation is also obtained in 
the present experiment. 

On the basis of the above knowledge, the formation of the double-leaf may be 
explained in the following manner. 

The relative positions of the first leaf-primordia in reference to the shoot apex 
change as the apex grows bigger (Fig. 6a). In other words, at the beginning, two 
lines connecting the center of the new shoot apex and the centers of respective 
leaf-primordia can be considered practically to be at 180°. However, as the growing 
point increases its size, it bulges out toward outside carrying the apex further out 
which, in turn, makes the angle between the above two lines narrower. Conse- 
quently, although the leaf-primordia remain at the same spots, their relative posi- 
tions in reference to the shoot apex as a whole become closer together as the 
growing point becomes larger (Fig. 6b). 

Snow and Snow (1937) showed that in Epilobium with decussate phyllotaxis, 
the youngest leaf-primodia (P,) were displaced, by the application of hetero-auxin, 
toward the auxinated part so as to decrease the divergence angles. They consider 
that under the influence of auxin, the Pjs 
were to some extent dedifferentiated and 
determined anew. However, if it can be 
assumed that Snow and Snow might have 
applied an excess amount of hetero-auxin to 
suppress the growth, the auxinated part in 


a b their material and the wound surface in the 


; F , author’s experim i 
Fig. 6. Diagrams illustrating the P ent will suffer from the same 


displacement of the apex center (a), distortion to make the divergence angles 
and the relative approximation and : 

scent ‘WhaticetdAneh elias smaller, and the explanation offered to the 
c: apex center, p: leaf-primodium, «: present experiment will be applicable to the 


divergence angle. 
g g result of Snow and Snow too. 


In Sesamum seedling, the two leaf-primordia, which have approached, eventually 
fuse together during their growth. Concerning this point, there still seems to remain 
some gap to be explained between a mere fact of spacial approximation of the 


structures and their fusion into one. This should be clarified by further investi- 
gation. 


Summary 


The plumule of the embryo of Sesamum indicum, which has a decussate shoot 
apex, was split by a vertical incision across the two primordia of the first pair of 
leaves. When the operated embryo was allowed to grow, these two members were 
displaced to the side of the incision of the apex and fused into a double-leaf. The 
process of the double-leaf formation can be explained in connection with the shoot 
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regeneration, as follows. The halved plumule regenerates a new shoot by the for- 
mation of a new growing point on the lateral side of the original apex. As the new 
growing point grows bigger, the relative position of the first leaf-primordia in 
reference to the whole stem becomes closer together, and eventually two leaf-primordia 
fuse together into a double-leaf during their growth. 
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Growth of the Rhizoid and Behaviour of the 
Nucleus in Dryopteris erythrosora 
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When the fern spore is cultured on the Knop’s solution, the rhizoid and proto- 
nema apper out of the exine membrane. The protonematic cell, as a rule, contains 
a large number of chloroplasts, and it divides and elongates actively. On the con- 
trary, no chloroplasts are usually found in the rhizoidal cell which only elongates 
without cell-division. That is, if the growth phases are classified into two, cell divi- 
sion and cell elongation, only one of these phases, cell elongation, is observed in 
the case of the rhizoid of Dryopteris. The elongation of rhizoid is just like to that 
of pollen tube. It has been believed that the vegetative nucleus of pollen tube has 
some role in the tube elongation. Bishop and McGowan (1) and Iwanami (3) suggest- 
ed, however, that tube nucleus does not play a direct rdle in the tube elongation. 
Is there any relation between the growth and behaviour of nucleus, if it is assumed 
that the elongation of rhizoids is same with that of pollen tubes from the view- 
point of growth? In order to throw light on this point, some experiments here 
reported have been done. 
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Material and Methods 


The spores of Dryopteris erythrosora were mainly cultured in the 1/5 dilute 
solution. The culture of spores was, sometimes, carried out on an agar medium. 
Knop’s solution or 


The petri dishes, 5 cm in diameter, were filled with 10 c.c. 


Knop’s agar-medium. The media containing indole-3-acetic acid, naphthalene acetic 


acid, colchicine, sodium phosphate, etc. were also applied. 


sowing, germinating spores were 
put on a slide, and fixed or un- 
fixed ones were investigated under 
the ordinary or phase contrast 
microscope. The material was 
fixed and stained with acetocar- 
mine solution. According to this 
method, only the nucleus stains 
clearly. Whole length of rhizoid, 
the distance from the tip of rhi- 
zoid to the nucleus, the distance 
from the spore surface to the 
nucleus, the change of the nuclear 
shape affected by the chemicals 
in the media and the ramification 
of rhizoids were recorded in some 


details. 


Results 


1. Nuclear shape. 

The rhizoidal nucleus in the 
Knop’s solution is about 2.9-4.0x 
0.25-0.5 w in size, and character- 
istic spindle-like, ellipsoidal or 
convex lens-like in shape (Figs. 
la-c), while the nucleus in the 
embryonic cell of protonema is 
usually round. Therefore, nuclear 
differentiation accompanied with 
cellular differentiation can be ob- 
served. In both stained and living 
materials, the nucleus of the rhi- 
zoidal cell is easily observed. In 


the 2% sodium phosphate solution 


About 15 days after 


ee 
SR ee 
j 


Fig. la-l. Nucleus of rhizoid and the change of 
nuclear shape. 
a-b, spindle-shaped nucleus of rhizoid, fixed and 
stained with acetocarmine solution. Knop’s solution. 
c, living state of rhizoidal nucleus, photographed by 
the use of the phase contrast microscope. Knop’s 
solution. d-s, round nucleus of rhizoid, fixed and 
stained acetocarmine solution. 2% NaH2PQ, solution. 
f, living state of rhizoidal nucleus, photographed by 
the use of the phase contrast microscope. 2% NaHg 
PO, solution. g-1, process of transformation from 
spindle-shaped to round nucleus, _ 
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the nuclear shape changes considerably. That isto say, the nucleus tends to be 

transformed into a round shape (Figs. 1d-f). .The nuclear diameter is about 0.8-1.0 

in this case. This change is obviously reversible. The process of nuclear change 

is shown in Figs. lg-l.. The nucleus becomes to be extremely slender filamentous 

in the solution containing indole-acetic acid or naphthalene acetic acid. In addition, 

triangle, heart-shaped or irregular shaped nuclei were also observed in these media. 
2. The division of rhizoidal nucleus. 

- In order “to induce the division of rhizoidal nucleus, NaH2,PO,, Vitamin By, C, 
colchicine, sodium adenosine triphosphate, chloralhydrate, indole-acetic acid, naph- 
thalene acetic acid, sucrose, glucose, adenylic acid, nicotinic acid, triiodebenzoic 
acid, sodium: phyrophosphate, asparagic aid etc, were tested. Amitotic figures and 
dump-belled nuclei were frequently observed in these solutions, but a rhizoid having 
two nuclei was never found. Amitotic figures may be induced by the change of 
nuclear shape, as mentioned above. It seems to be probable that the differentiating 
rhizoid ‘nucleus, at least in Dryopteris, does not divide. 

This is not true in the case of Osmunda. In Osmunda japonica, the rhizoidal 


nucleus divides even in the Knop’s-agar medium (Kato, in press). The fact that auxin 
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Fig. 2. Relation between distance from the spore surface to the nucleus and the 
length of rhizoid.- 
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is ineffective for the induction of the division in differentiated rhizoidal cells of 
Dryopteris erythrosora must be noticed. 

3. The number of rhizoids. 

Indole-acetic acid and naphthalene acetic acid make increase the number of 
rhizoids. The number of rhizoids per spore in a very early stage of germination 
is only one with a few exceptions in the case of Knop’s solution, while it is usually 
two in the case of the other medium containing monogen (detergent) and it varies 
from one to four in the case of the medium containing indole-acetic acid. Naphtha- 
lene acetic acid prevents the formation of rhizoids from the spore, but rather 
_ promotes the formation of lateral rhizoizs from the protonema (Kato, in press). 
When the dormant spores are treated by radioactive cobalt (total dose, 415.4r), 
germinating spores with two or three rhizoids were frequently observed. 

4. The relation between the length of rhizoids 
and the position of nuclei. 


th Figure 2 shows the relation between the length 

Br: of rhizoids and the distance from the spore surface 
to the nucleus. As shown in the figure, the relation 

We P is exhibited by a straight line. This line shows 
ces b c that the distance from the tip of rhizoid to the 


nucleus is always constant (about 9-10 w). Such 
constancy is ascertained also in the case of the 
spore with two rhizoids (Fig. 3b). However, the 
nucleus is seldom present in the tip (Fig. 3c) or is 
not found at any part of the considerably long 


d 
h rhizoid (Fig. 3d). 
> The lateral rhizoids are resulting from an un- 
\ ( equal division in the protonematic cell (Fig. 4). The 
e g 


distance from the tip to the nucleus increases 
abruptly, and later holds constant value. This fact 
shows that the nucleus does not dislocate, until the 
length of rhizoids becomes to be about 7p. As 
Fig. 3. a-j. Position of the soon as the rhizoid elongates up to 7 », the nucleus 


nucleus and elongation of the moves from place to place. 
rhizoid. sp—spore, p—pro- 


As the rhizoid grow i i 
tonema, r—rhizoid, n—nucleus, g 8, the increase of distance 


a-d, chizoide in theK nop’s aolu- from the tip to the nucleus becomes smaller, while 
tion. a, normal rhizoid. b, the distance from the spore surface to the nucleus 
spore having two rhizoids. c b ‘ 
, ecomes lar ~ot)s i 
EE SEER oN arger (Fig. 4). Although the velocity of 
spore which the nucleus is in- movement of nucleus does not, in the strict sense, 
visible. e-g. ‘ramification of coincide with the elongation rate, the tendency to 
rhizoids in the _ colchicine tits 
; coincide hol i it i 

Sietiiney geile Vaan cites olds true always. Finally, it is concluded 
chisnida “Ute the indole care that the constancy is found not only in the case of 


acid solution. rhizoid from the spore but also in that of the lateral 
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Fig. 4. Relation between length of the lateral rhizoid and distance from spore 
surface and tip to the nucleus. Black circles and white ones show the distance from 
the base of protonematic cell to the nucleus and from the tip to the nucleus, respec- 
tively. Schematic figures in the square show elongating process of lateral rhizoids 
and position of nuclei. 


rhizoid from the protonema in the early stage of germination. This suggests that 
the nucleus has a réle in the elongation. 

Indole-acetic acid induces the swelling of rhizoids, and inhibits their growth 
(Figs. 3h-j). In this case, the constancy of distance mentioned above is not recogniz- 
able. Usually the nucleus takes its random pusition in the rhizoid. In the spores 
cultured in the medium containing 0.01% colchicine, the ramification of rhizoids 
occurs markedly. About 25 days after sowing the spores with ramified and smooth 
rhizoid were 60 and 40%, respectively. Even spores having seven branches were 
often observed (Figs. ba-d). In order to investigate the réle of nucleus for the elon- 
gation, agar culture medium was applied to this study. Figures 5e-h and 6a-c 
show the spores drawn every day. Both the branches of rhizoidal cell without 
nucleus and the original cell with nucleus may elongate well (Figs. 6a-c). The 
branches appear even from the proximal portion containing no nucleus (Figs. 5e-h). 


214 hai Yn FF RE ee 


From these experiments present- 
ed here, it may be concluded 
that(1) the nucleus is not indis- 
pensable or requisite for the 
and that (2) the 


elongation occurs chiefiy in the 


elongation, 


apical zone of rhizoids. 

At the stage of filamen- 
tous protonema, the distance 
from the tip to the nucleus in- 
creases as the rhizoidal elon- 
gation proceeds. The distance 
was about 15-25 mu in a stage 
of protonema investigated. It 
was found that the rule of con- 
stancy can not te equally ap- 
plied to the young and old pro- 
thallia. 


60 
50 
i¢2) 
~, 
x 
pal 
iS) 
~ 40 
Z 
O 
Lal 
m% 30 
io 
= 
Fr 
hw 20 
ea) 
O° 
Z 
< 
a 10 emmemm emo? 6 
— Pod 
a / 
? 
e 
of 
oL.# 


GERMINATION 


FILAMENTOUS 
PROTONEMA 


a b c 
ees 

} a 

e f g 


Fig. 5.a-h. Ramification of rhi- 

zoids reveals by colchicine 
e-h, ramification 
and elongation of the rhizoid, 


treatment. 


sketched every day. 
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Fig. 6. a-c. Rami- 
fication of rhizoids 
induced by colchi- 
cine. a-c, elonga- 
tion of rhizoid, 
sketched every day. 


Fig. 7. Relation between the developmental stage of prothallium and distance from 


the tip of rhizoid to the nucleus. Schematic figures show the develo 


thallium and the position of nucleus. 


pmental process of pro- 
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There is a great variability of the distance in these stages (Fig. 7). Generally 
speaking, the distance from the tip to the nucleus is larger in old stages than in 
young stages. For instance, it varies from 13 to 70 # in astage of prothallium. The 
relation is shown in Figure 7. | 


Discussion 


The literatures concerning the réle of the nucleus in cellular differentiation of 
plants have been summarized in a recent monograph of Biinning (2). In fern, a 
marked polarity of the. plasm configuration is observed in the protonematic cells. 
Beside the observation of the plasm configuration, the shape and position of the 
nucleus and the qualities of the chloroplasts within the different cells were espe- 
cially observed in the protonematic cells by Reuter (7). 

As to the shape of the nucleus, the spherical and oval forms, as well as the 
spindle-shaped one in cells developed under certain conditions are observed. These 
qualities of the nuclei and plastids are in correlation with the configuration of 
plasm. In general, the nucleus is oval in young cells and spindle-shaped in the 
elongated cells. In the: rhizoid of the present material, the spindle-shaped nucleus 
was observed in the Knop’s solution. Thus, the cellular differentiation may be 
accompanied by the nuclear differentiation. Cone! shiek 

It is considered that the position of nucleus in the cytoplasm may be changed 
by the surface tension, the position of vacuole and the protoplasmic density of a 
cell. The cytoplasm of a rhizoid is abundant in and near the apical portion. The 
nucleus is usually located in the most active metabolic region. Hence, the nucleus 
of root hair and of pollen tube are located in and near apical portion. Tanaka (8) 
have recently reported that the pollen tube nucleus plays an important rdle during 
the growth of pollen tube. The distance between the tube tip and the nucleus was 
kept nearly constant during the growth of the tube except in certain stage, and also, 
in the bifurcated pollen tubes, the position of the nucleus had a certain relation to 
the growth of the tube. He suggested that the nucleus acts.as.a center of syn- 
thesis of cytoplasm in some way. However, this does not necessarily mean that 
the nucleus is indispensable for elongation of the tube-like structure. In fact, Bishop 
and McGowan (1) and Iwanami (3) described that the vegetative nucleus may not 
act directly on the elongation of pollen tube. In the development of foliar: sclerids, 
translocation of the nucleus of initial cell occurs in certain early stages, giving rise 
to the protuberances which soon elongate to form ramification (5). Kitamura (5) 
mentioned that there are found no instances in which the nucleus translocates into 
the elongating branches and that the nucleus play no réle for the elongation of pro- 
tuberances. These suggestions can be applied to the rhizoid elongation in fern. 
Yamazaki (9). reported that the uneven big rhizoid is formed by the colchicine tteat- 
ment, contrary to the flat smooth rhizoid in the control medium. However, the 
relation. between the growth of.rhizoid and the behaviour of nucleus were not in- 


vestigated. 
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Summary 


1. The quality and behaviour of nucleus have been studied in the rhizoid of 
Dryopteris erythrosora. 

2. Very striking change of nuclear shape has been observed ina medium contain- 
ing 2% sodium phosphate, and this change was reversible. 

3. In Dryopteris, the cell-differentiation may be accompanied by the nuclear 
differentiation. 

4. It has been discussed that the nucleus of rhizoids is not indispensable for 
the elongation. 


I wish to express my thanks to Dr. T. Shimamura for his cordial guidance 
during the work. 
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Chaetoceros Eibenii Grunow (Text-fig. 1; Pl. VI, Figs. la-c), Ikari, Bot. Mag. 
Tokyo, 39: 52, Figs. 1, 2 (1925); Mills, Index Diat. p. 385 (1933); Cupp, Bull. 
Scrips Inst. Ocean. 5: 106, Fig. 61 (cf. p. 7, Fig. C8) (1942); Desikachary, Mikrosk. 
9: 174, Figs. 25, 27, 28 (1954) . 

Syn. Chaetoceros borealis Bailey, Helmcke and Krieger, Diat. Elektr. Bild. 2: 
9, pls. 120-122 (1954) ; 

L.M.S.P Cells cylindrical, broadly elliptical in valve view, about 39 wu long and 
about 27 « broad. Valve surface slightly convex, with an inconspicuous central spine 
(cs). Mantle (m) moderately low, but distinct. Setae (st) with swollen bases (bs), 
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1) Light-microscopic structure. 
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arising from a little inner of the apical ends. One of the setae of a valve curved 
outwards nearly parallel to the apical plane, and the other nearly parallel to the 
transapical plane (Text-fig. 1). Setae armed with minute spinules (sp) on the 
corners, and with fine transverse costae (c) about 13-15 (according to Ikari and 
Hustedt, about 23) in 10 (PI, VI, Fig. 1b). E.M.S2) Materials in formalin solu- 
tion, after washed in water, were observed by 
their direct preparations in the electron micro- 
scope. 

Valve surface with delicate radial, anasto- 
mosing ribs (7) 100-150my broad, about 5 in 
Ip. Holes (2) on the valve surface round, 
sparse, about 100-200 mp in diameter. Central 
spine of the valve rounded and hollow, about 
lp long and about 1.5 in diameter. Mantle 


Text-fig. 1. Valve view of a 
frustule of Chaetoceros Eibenii, sho- 
(m) ribless, with somewhat dense holes about wing directions of two pairs of setae. 


2-3 in 1p (Figs. la, c). Intercalary bands with c, Costa. cs, Central spine. spl, 
Spinule. sf, Seta. 


longitudinal rows of ribs about 5 in lp, and 
with sparse holes. Setae hollow, with very thin lateral wall. Base of setae (bs) 
swollen, with radial rows of rectangular, incomplete loculi (zJ) about 1m long and 
0.6-0.8 4 broad. Loculi close outwards with finely porous sieve membranes, and 
open inwards almost freely with narrow marginal inner membranes. Outer sieve 
membranes with transverse rows of round sieve pores about 60-80 my in diameter. 
Rows of the sieve pores about 7-8 in lw (Fig. 1c). Setae four-sided, with trans- 
verse costae (c) about 13-15 in 10. Between each two costae, with about 4 trans- 
verse rows of holes about 60-70 my in diameter (Fig. 1b). Fine structure of the 
seta is almost the same as that of Chaetoceros pervianus (cf. Okuno, Bot. Mag. 
Tokyo, 69: 191, Pl. 8, Figs. 5-8. 1956). 

Habitat: Marine plankton. Saigé Bay, Oki Island, Shimane Prefecture (Okuno, 
No. m1028. Oct. 1955). 

Cocconeis stauroneiformis (W. Smith) Okuno, comb. nov. (Text-fig. 2; Pl. VI, 
Figs. 2a-c) 

Syn. Cocconeis scutellum Ehrenberg var. stauroneiformis W. Smith, Synop. Brit. 
Diat. 1, Pl. 30, Fig. 34 @ (1853); Hustedt, Kieselalg. 2: 339, Fig. 792 (1933); Mills, 
Index Diat. p. 437 (1933) 

E.M.S. Materials, after one week’s cleaning in concentrated hydrochloric acid, 
were washed in water, and observed by their formval-preparation in the electron 
microscope. 

Valves elliptical, about 12-20 » long and about 10-15 » broad. Upper valve (Figs. 
2a-u, b, c) with radiating rows of subrectangular loculi about 9-10» in 10h. Pseudo- 


2) Electron-microscopic structure. 
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Text-fig. 2. Diagramatic representation of a portion of the lower valve of Cocconeis 
stauroneiformis, showing fine structure of loculi. lm, Rudimentary lateral membrane. 
sl, Secondary loculus. sm, Sieve membrane. sf, Sieve pore. ts, Thickening of sive 
membrane. (cf. Pl. VI, Fig. 2a-l.) 


Text-fig. 3. Cocconeis scutellum. a, Portion of an upper valve. Note the dendriform 
thickenings (¢s) or ingrowths of the sieve membrane (sm). b, Portion of a lower 


valve, showing the sieve membranes without thickenings, sp, sieve pore. (a, b, Electron 
micrographs. Scales: lp.) 
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raphe narrow linear. Loculi in each radiating row about 11-12 in 10 . Loculus 
subrectangular about 0.7-1.0 « square, closes outwards with a closing membrane and 
opens almost freely inwards with a large, rounded opening about 0.4-0.6 w in dia- 
meter. Inner membrane of the loculus narrow, marginal. Loculus is divided by 
netveined thickenings (fs) or ingrowths inside the sieve membrane into 4-6 (at the 
margin of the valve, into 6-9) rounded secondary loculi (s/). (Compare Cocc. scute- 
llum in Text-fig. 3a, in which the thickenings are dendriform!) Sieve membranes 
(sm) of the secondary loculi have delicate radial slit-like sieve pores (sp) about 45 
in 1». Lower valve (Text-fig. 2; Fig. 2a-l) very thin, with a linear raphe about 
40myp broad. Axial area linear, about 500mp broad. Central area dilated to a 
fascia reaching to the margin. Valve surface with radiating rows of holes with 
rudimentary lateral membrane (/72). Submarginal rim somewhat thickened, smooth, 
about 600 my broad. Holes subrectangular, about 10 in 10, in each radiating row, 
close outwards and open inwards. The outer closing membranes have crossed 
thickenings (fs) with freely ending or anastomosing branches, leaving more or less 
kidney-shaped or lunate membraneous areas. Of the thickenings of the closing 
membranes, the transverse ones are robust, and these are visible even with the light 
microscope as delicate transverse striae between each two costae (cf. Hustedt, 1. c. 
Fig. 792). The kidney-shaped area of the closing membrane is perforated by linear 
slit-like sieve pores (sp) as those of the closing membranes of the upper valve. 
At the margin of the valve, with a ring of a little larger, rounded or elliptical 
loculi in which the thickenings of closing membranes are netveined as in the loculi 
of the upper valve. Sieve membranes of thc marginal loculi too, have delicate 
linear slit-like sieve pores. The loculi near the apical ends too, have netveined 
thickenings inside the sieve membrane (Fig. 2a-l). 

Helmcke and Krieger published two electron micrographs of “ raphenlose Schale ” 
of Cocconeis scutellum Ehrenberg forma in their Diat. Elektr. Bild, 2, Pl. 156, with 
explanation in text p. 12 as follows: “ Die Kammern der raphenlosen Schalen besi- 
tzen kompliziert gebaute Siebmembranen (T. 156 u.). Am Rande sind die Siebdéff- 
nungen strichférmig, wie das ftir alle bisher untersuchten Cocconeis-Arten charakte- 
ristisch ist. Im Zentrum der Siebmembranen sind die Poren ktrzer und weiter 
voneinander entfernt.” But according to my research, the upper valve (raphenlose 
Schale) of Cocc. scutellum and its varieties always showed the complex loculus with 
dendriform or netveined ingrowths or thickenings inside the sieve membrane (cf. 
Text-fig. 3a; P1. VII, Figs. le ; Okuno, Bot. Mag. Tokyo, 63: 101, Pl. 3, Figs. 6’, 6”. 1950). 
And the incomplete loculus of the lower valve (raphen Schale) showed a delicate 
sieve membrane without such ingrowths or thickenings (Text-fig. 3b; Pl. VII, Fig. 1f). 
Of the Helmcke-Krieger’s micrographs, owing to the lack of explanation, I could 
not understand enough whether their upper and lower electron micrographs were 
obtained from the same valve or from two different valves. If their two micro- 
graphs were of the same “raphenlose Schale ”, the fine structure of the sieve mem- 
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brane of the upper valve (raphenlose Schale) of their forma is distinctly differs 
from that of the type species and its varieties . hitheto researched by me. Their 
lower electron micrograph shows rather the similar fine structure as that of the 
lower valve (raphen Schale).of Cocc. scutellum and its varieties researched by me. 
Thus, if their two micrographs were obtained from two different valves, the lower 
one probably represents a: lower valve. 

Cocc. stauroneiformis was hitherto described. as a variety of Coce. scutellum. 
But, it differs distinctly from Cocc. scutellum not only in light-microscopic feature, 
but also in electron-microscopic structure as shown.in Table 1. And I regard these 


two diatoms as two different species. 


Table 1. Comparison between Cocconeis stauroneiformis and C. scutellum. 


a 


C. stauroneiformis C. scutellum 
Length of valve (wu) . 12 = 20 20 - 60 
. Breadth of valve (p) 10-15 12- 40 
Upper valve 
Fascia + = 
Rows of loculi in 10p 9-10 / 5-8 
Thickening of sieve membrane netveined dendriform 
Lower valve — . | 
Rows of loculi in 10z 10 | 7-9 
Thickening of sieve membrane cross-shaped, -. 
with branchlets 


Helmcke and Krieger published an electron-microscopic diagram of a frustule 
of Cocc. placentula (Helmcke and Krieger, 1. c. Pl. 155. 1954). In their diagram, 
the upper valve is shown provided with a raphe and the lower valve with a pseu- 
doraphe. Up to the present day, many of the diatomists (Heurck, 1881; Cleve, 1894; 
Pantocsek, 1903; Dippel, 1904; Meister, 1912; Hustedt, 1916; Boyer, 1927; Hanna, 
1932) noted that.in Cocconeis, the upper valve provided with a pseudoraphe and 
the lower valve with a true raphe. In spite of the description of these diatomists, 
by cell division, it may. occur that the lower valve of a mother cell with a true 
raphe .can reproduce a daughter opposite lower valve with a pseudoraphe. | But -to 
my sorry, I have not yet seen any. publication in which such a reproduction is 
reported as a fact. On the other hand,. Hustedt (1930, 1933) used the. technical 
terms “ Raphenschale ” and “raphenlose Schale ” without explaining which of them 
is the upper or the lower valve. Thus, if Helmcke-Krieger’s. diagram is showing 
the true positions of the raphe and pseudoraphe, it is an interesting fact of the 
structure of upper and lower valves in Cocconeis. In my present electron microscopy, 
I could not conclude which view of Helmcke and Krieger or of the others: is. true. 
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And in the present paper, I wrote, according to many descriptions, a valve with a 
true raphe as the “lower valve” and a valve with a pseudoraphe as the “ upper 
valve”. 

Habitat: Marine; attached to Sargassum sp. Minato, Awaji Island, Hydégo 
Prefecture (Okuno, No. m1032. Aug. 1955. Leg. Y. Funakoshi). 

Cocconeis scutellum Ehrenberg var. parva Grunow (PI. VII, Figs. la-f), Heurck, 
Synop. Diat. Belg. p. 133, Pl. 29. Figs. 8, 9 (1881); Cleve, Synop. Nav. Diat. 2: 170; 
Hustedt, Kieselalg. 2: 338, fig. 791 (1933); Mills, Index Diat. p. 436 (1933); Pro- 
schkina-Lavrenko; Diat. Black Sea, p. 181, Pl. 8, Figs. 1, 2, (1955) 

E.M.S. Materials in formalin solution, after washed in water, were observed 
by their formval-preparation in the electron microscope. Valves elliptical, about 
10-28» long and about 7-19 broad. Upper valve with a pseudoraphe about 1 pz 
broad. Loculi on the upper valve arranged in radiating and slightly arcuate longi- 
tudinal rows. Radiating rows about 5-7, in small valves to 10 in 10 4; longitudinal 
rows about 6 in 10u (Figs. la, b). Loculus usually subrectangular, closes outwards 
by the sieve membranes (svz) with netveined thickening (¢s) and opens inwards 
almost freely with a large rounded opening. The sieve membrane is divided by 
netveined thickenings or partitions into about 7-10 micropores which repesenting 
the secondary loculi (sl). Sieve membranes of the secondary loculi have extremely 
delicate radial slit-like sieve pores (sf) about 50-60 in 1 w (Fig. le). Lower valve 
(Figs. lc, d) with a narrow linear raphe about 10my broad. Axial area linear, 
about 400 my broad, somewhat thickened. Valves with radiating rows of round 
pores about 200-400my in diameter, and the rows about 13-17 in 10m. Valves 
very thin near the axial area and grow somewhat thicker to the margin. And, 
the pores in the thin part usually take the form of holes without distinct 
lateral membranes, and at the margin take the form of incomplete loculi with 
rudimentary lateral membranes. Sieve membranes (sm) both of» holes and in- 
complete loculi, have marginal, radial slit-like sieve pores (sp) about 30-40 in 1p, and 
scattered rounded sieve pores in the center (Fig. 1f). The sieve membrane is simi- 
lar in its structure with that of Cocc. diminuta and Cocc. scutellum forma shown in 
Helmcke and Krieger, 1. c. Pl. 154, Fig. upper right and Pl. 156, Fig. lower (1954). 
Further, Helmcke and Krieger published two pairs of electron-stereomicrographs 
of ,Cocc. scutellum in their Pl. 47. The valves shown in their plate are about 20 w 
long and about 11-14, broad, much smaller than those of Cocc. scutellum, and the 
sieve membranes of the upper valve (Figs. upper row) show clearly the netveined 
thickenings which are, according to my research, not characteristic to Cocc. scute- 
llum, but to the present var. parva (cf. Text-fig. 3a). Their electron micrographs 
named Cocc. scutellum in Pl. 48 too, show similar fine structure. And I regard their 
electron micrographs in Pls. 47, 48 are not of Coce. scutellum, but probably re- 
present the present. var. parva. 

Habitat: Marine; attached: to Sargassum sp. Minato, Awaji Island, Hyogo 
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Prefecture (Okuno, No. m 1032. Aug. 1955. Leg. Y. Funakoshi). 

Mastogloia angulata Lewis?’ (Pl. VI, Figs. 2a-c), A. Schmidt, Atlas Diat. Pl. 187, 
Figs. 4-11 (1893); Hustedt, Kieselalg. 2: 465, Fig. 885 (1933); Mills, Index Diat. p. 
898 (1934) 

LMS. Valves elliptic, about 60-70 w long and about 28-30” broad, with more 
or less produced ends. Raphe straight. Axial area very narrow, central area na- 
rrow elliptical. Loculi of septum 4-5» broad, about 3 in 10 », the median two 
largest. Loculi of the valve arranged in slightly radiating rows, about 9-10 in 10 p, 
in each row loculi about 8-9 in 10 (Fig. 2a). 

E.M.S. Material in formalin solution, after washed in water, were observed 
by their direct preparation in the electron microcope. 

Loculi in central part of the valve usually hexagonal, each closed outwards by a 
porous sieve membrane (sm) and opens almost freely inwards. Inner membranes 
(im) of the loculi very narrow, and the rounded inner opening (0) of loculi are very 
large. The central area of the outer sieve membrenes about 300-600myp in diameter, 
usually cicrular, finely porous with round sieve pores (sp) about 20-40myp in 
diameter. Sieve pores usually arranged in a marginal ring. Loculi along the 
axial area somewhat elongated transversely, and in each loculus sieve pores are 
arranged in a marginal, elliptic or subangular ring (Fig. 2b). Transverse rows 
of hexagonal loculi end near the margin of the valve in double rows of small 
incomplete loculi (mgl) with rudimentary lateral membranes (Jm) and each double 
rows consist a transversely elongated compound loculus with rectangular lateral 
membranes which probably a little lower than those of the hexagonal loculi in the 
central part of the valve. Sieve membranes of the marginal incomplete loculi about 
250-600 mw in diameter, and scattered with round sieve pores (Fig. 2c). At the 
apical ends of the valve too, double rows .of incomplete loculi consist compound 
loculi as at the margin. 

F Habitat. Marine, littoral. Minato, Awaji Island, Hyégo Prefecture (Okuno, No. 
m991, 1020. Aug. 1954, 1955). 
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* On the genus Mastogloia, the electron-microscopic fine structures of the following three spe- 
cies were reported: M. Braunii (Helmcke and Krieger, Diat. Elektr. Bild, 1: 14, Pls. 57, 58, 2 
13, Pl. 159. 1953, 1954), M. simbriata (Okuno, Bot. Mag. Tokyo, 66: 6, Pl. 1, Figs. 3/-8’, 66: 123, 
Pl. 1, Fig. 12. 1953), M. Smithii (Helmcke and Krieger, 1. c, 2: 13, Pl, 160. 1954). ~ 


Bot. Mag. Tokyo.-Vol. 70 Plate VI 


Plate VI. Figs. la-c, Chzetoceros Eibenii. a. Single valve. b. Section of a seta. 
c. Portion of a valve. 2a-c, Cocconeis stauroneiformis. a. Upper Cu) and lower (1) 
valves. b. c. Portions of an upper valve, showing fine structure of loculi. bs, Base 
of seta. c, Costa. hk, Hole. il, Incomplete loculus. m, Mantle. 7, Rib. sl, Secondary 
loculus. sm, Sieve membrane. sp, Sieve pore. spl, Spinule. st, Seta. ts, Thickening of 
sieve membrane (lateral membrane of secondary loculus). (la-2c, Electron micro- 


graphs. Scales: 1p.) 
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Plate VII. Figs. la-f, Cocconeis scutellum var. parva. a. b. Upper valve. c. d. Lower 
valve. e. Portion of an upper valve. f. Portion of a lower valve. 2a-c, Mastogloia 
angulata. a. Single valve. b. Central portion of a valve. c. Marginal portion of a valve. 
ca, Central area. im, Inner membrane. Im, Lateral membrane. mgl, Marginal loculus. 
0, Opening of inner membrane. sl, Secondary loculus. sm, Sieve membrane. Sp, Sieve 
pore. fs, Thickening of sieve membrane (lateral membrane of secondary loculus). 
(la, 2a, Light micrographs. Scales: 10 u. lb-f, 25, c, Electron Micrographs. Scales: 
1p.) 
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Hiroshi UsuI*: Morphological Studies on the Prophyll of Japanese Bamboos. 
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4. Sasa nipponica Makino, Sasa paniculata 


Makino, Sasa kurilensis Makino et Shibata, 


Pleioblastus Chino Makino, Pleioblastus pyg- 


maea Mitford, Shibataea Kumasasa Makino, 
Pyllostachys nigra Munro var. nigra, Phyllo- 
stachys. heterocycla Matsum. var. pubescens 
Ohwi, Phyllostachys bambusoides Sieb. et Zucc., 
Semiarundinaria Yashadake Makino, Sino- 
bambusa Tootsik Makino. 
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1. ++3+3f) (Sasa Type) 
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2nd 


Ist 


=) 


M.Ax 
Fig. 1, The bud of Sasa Type, and the 
diagram of the branching. 


P, prophyll; 1st, the first foliage leaf; 
2nd, the second* foliage leaf; M. Ax., 
main axis; L, a leaf on the node of 
main axis; the black leaf shows the pro- 
phyll and the white leaf shows the foli- 
age leaf. 


WS Fig. 1). HMC GEN RABORMLIE 
UL< Vo ORFICRAICA LCS, CHO 
PEO MICITAT HBL LOAF, G6 CC ORO 
HWS &OF PCIE 1 fie LAORL AIT 
Tro MHOP ES OMICS 4 Olt Sasa & 
OACHAS 


2. %¥ +H (Pleioblastus Type) 
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Fig. 2. The bud of Pleioblastus Type, 
and the diagram of the branching. 


P,, the outer prophyll; Ps, the second 
prophyll in the axil of the P,; P3, the 
third prophyll in the axil of the 1st 
foliage leaf; 1st. I, the 1st foliage leaf of 
the first branch; 2nd. 1, the second foli- 
age leaf of the first branch; M. Ax., main 
axis; L, a leaf on the node of main axis. 
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Fig. 3. The bud of Shibataea Type, 
and. the diagram of the branching. 


Note especially the outer pair of leaves, 
the left one is a prophyll (P ,) and the 
right is considered to be a foliage leaf 
(the Ist foliage leaf of the first branch). 
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Fig. 4. The bud of Phyllostachys Type, 
and the diagram of the branching. 


Note. especially the sympodial branching. 
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Fig. 5. Diagram showing the transformation 
from Shibataea Type to Pleioblastus Type. 
Note the development of the outer prophyll 
(P)) becoming to envelope the inner leaf 
(the Ist foliage leaf) which subtending the 
first and the third branches. Note also 
the transformation from the saddle shaped 
to the eye shaped bud. 
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Résumé 


1. Four different types of the bud in the Japanese bamboos were distinguished 
based on the arrangement of prophyll in the bud, and they were named as follows: 
Sasa, Pleioblastus, Shibataea, and Phyllostachys Type. 

2. All of the prophylls found in these types are two-keeled form, except in the 
Shibataea Type. 

3. In the interpretation of the prophyll of Shibataea Type which seems to be 
seperated double prophylls, the writer is unable to agree with the fusion theory that 
the prophyll of the two keeled from is formed by the adaxial fusion of the edges of 
two lateral prophylls. The writer interprete it as follows: If the first leaf develops to 
envelope the inner one which is the second leaf of the first branch, the edge of the 
adaxial side is transformed as having a new keel at the opposite of the first keel, 
and overlap with another edge in the abaxial side (Fig. 5, C). Then we shall obtain 
the usual two-keeled prophyll derived from the first leaf with one keel. 

4. The branching of Phyllostachys Type is interpreted as to be derived from 
the Shibataea Type which has both of monopodial and sympodial branching habit. 
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Takeo NISHIBAYASHI** and Shumpei INoH**: Morphogenetical Studies in 
Laminariales IJ. The Development of Zoosporangia and the Formation of 
Zoospores. in Costaria costata (Turn.) Saunders* 
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ARICLO, 44-5p OMFRLED, 10% tHE (EZK 
Sk CHALRKE, 4 Fv 1 v RBA 
b+ Y VY CREAR onRD, BAKROBRALA 
BNAF SIMD, ICA BICIDER LA ED ITH 
BLCMEeiT>2 ko 


au 8 


1. HREFRORE oh. 

AY AOBMAMILIL, 5 ROMEMRDGEo TW SVs, 
& OMMRILHER & tro Cis 0, FB GCIE 3 AMA, 
(HOR CHEO, AO 2AILMPAtH ERMC 
fo Cw, thODi1 Ass Sie, (a8, WIC 
Wo CLS fAFSERT, COL 5 PRHOF AGE 
DEROSEDH V6 (LOR) ORBMBIC ES 
WO2S, (eek L MRD LIC (LIRL TC ESN 

TIF SERS MK CHEE IED CE CWSA, 
CNHEORBEIROLIKUCHHNS. RAM 
ETS, 1 RUM OBRALEAR, —Pile 
PRCA CW SRM AML, BERUCIL TIC 
LO, IMUOSK, RMN AKic te StMhae, A 
MIOLESAM Ia Cbasal cell) LIC HHS (Figs. 
A, B)o OR, dts < EMAMIILO NBO 
Vill -RO TANCE & HH LIBS S (Fig. C), LO 
HH, AMIDA L2KL RSA, 205 
BO 1X HO BRAKE & LICR OBNEH 
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L, BROPICSESK A> EK, Zedarepgleic kL ET MIAO TAMICILESERDIINC, fast ¢ ABE 
DEBMMDSMoOHSh, Cpe T AM IAS hHY Vy CHBESNSZ PHABS SHS 
tmS (Fig. D), TET RMIGLHKS, ZO LCRA. COP, TOBOMAOMEI 
Be, ERICDEL, WET RMI DESO Be Lbto Cc, VLC MISS. HRIERRIC 
(TFEINL, TOKERKES 7S (Fig. E), GO DAT & ORBEA ¢ 750, BICILARK L feo T, 
ICES &, MAOSMMRK ARIE KO ALE LED, X OU CWIELIEL METS , BOA LMAO 


F 


Figs. A-F. Development of zoosporangia of Costaria costata (Turn.) 
Saunders. All magnifications ca. x 900. 

Fig. A. Section of lamina in sterile portion, showing one layered meristoderm © 
followed by the cells of cortex. Fig. B. Transverse division of the meristoderm 
to-form the-basal cell and the future paraphysis. Fig. C. Projection of the basal 
cell between the young paraphyses. Fig. D. Transverse division of the basal ‘cell 
to form the zoospore-mother-cell. Fig. E. Growth of the paraphyses. Fig. F. 
Further stage of development. 
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EBICIL, FRIC OOK EMBO OBR & VEL 
BBD SN, COMTHERERLCWSA, F 
DOAMROAIR(LANICHMA LES ITY AYTIEE 
3L< (hiew (Fig. F). 

2. HET HK 

EESBAMId 6) bo Sava) } Ze EF AE 
FNCU, 2 fHO RE HEAVENS 0 if 
ILO PRICE, HH, “OD < FESASEEL 
DEEL, PAILIE IC MRM eS BR & Tro 
CWS (PI. VIL, Fig. 1). ede < Bo Robita 
Lege, COMILBL<I AS <9, TOBE 
(h 4~5p fiz ete 0, KAOMIA Kis KAS IT A 
Hic wro C < % (PI. VIII, Fig. 2), © OH. #) 20 
~23%DOHE CRAIC IODE REI OA 
HSWSA, CHE VM OLAILABUAI TS, 
RABWICHEUTOZACES SMALL TWAS 
&4 4 (Pl. VIM, Fig. 3), COB, FAKILK 
ICM MAIL, 1-7 Cloops) #fE> CHIE 
D—SRICE O, YIP Y AB (Synapsis) IZTAZ 
(Pl. VII, Fig. 4), CHE OMSKOB ODOF 
DILHICE EARLS. BARITOR, HK 
D Je DAPI ASS & E SICA 4 (HEL, 
MRA Ae BRUC aH 7y + ~zrvV AH 
(open spireme) & 7¢ 4 (PI. VII, Fig.5), #-7 
YeAPvAMLE, PARISI CIELS 4 
TARY ARIA 5 CHICO, ElLC OD BF 
FELIBDORAITDS CO, FAT HRY ARN 
(LSERICIMAT SZ (PI. VUL, Fig.6), Hy 7 ¥% 
Y ARICIt, O, Y, V, IL KO MAL HRD veLes 
Sn, COBDS 4 TH RYARMICDUO TC, 
30 OKA 2 6S (PI. VIL, Figs. 7, 8), 
ICL, AMA PRISBIAIIE L < SEIT 
USA, COMMBCII, CHoDOASRKILtO 
IEG ¢ O41, MIP RE ALCS, COR, Bee 
PROSE RBI & OD TRAIT UE FADD RD SBLES S 
% (Pl. VIL, Figs. 9, 10), HutfROrR-RBIC I, 
—DENITILIOO PD DOMATEEL, TOEDHY 
CIR BRie DRAM Bh, & SIC TOMAS 
UES eM CHR O PAE CVAD, Fucus & >< 
~~ Xs, (UPS, 1909; F4HF, 1935), Pelvetia ~y 
4 v7 i CO, 1935), Sargassum wy KI F 
iss Cid, 1929), Cystophyllum 9 av € 7 IK SK 
UF, 1944) tReEO7— 7 APC oN CWS 
XL 4 7 WA 7c BK PRT Sig de> feo PYRE 
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Ti, PPRAICIL ARCS, BEARADHER 
MIUOKOKEECE, ERE LCOSBMEAS 
Wz Spt: (Pl. VUL Fig. 9). Pig fKOMOD 
Malt, HETHORMIOR TD, EKILD UY 
CWAYEMS, BARBIE LA CBRE 
tiths ho THK, SKOPME TAR LRA, 
ZO NLM CH O, MMBOILIK 7 PHS 
RPAAC LLMs kk, 

Ct, FIMASAL-MABACANT, 
HIBIIE L < MK A> CHESTS. COICO 
ORTIZ Sr7z (Pl. VII, Fig. 11), HIT 
(t, BILE CBORD, 2 RRMIDRMEAN 
KBE L CWA, BIC CH Ole OLERER 
t4+ (PL VIII, Fig. 12), 2 mmICh$OODER 
HOLOARBM SINKS 

B—-TROE, 2 UXO BaRATAR SIS 
CEES, F/XRN CHIARA hN 4AGRe 
C42, BIAWiC ist SHEFRADIIOOBRK 
BRL, (SLA ERIC FS (PL IX, Figs. 
13~15)p CH HMIOOFABWBIEHAN MOTE 
MWEEMAC EBSA, BARAK BSA 
bBBSNhko PHOPHOBM 6 IEICE L, 
Sele pect HARWIE L < Hifmic aC FF < «CPL. IX, 
Fig. 14), 

EMR, FSRE 3H ORARATHN, WEE 
FRAIL 32 ORE ATM ANS. CHD 
BARISTA CHR TbHNSA, THEO 
ROA NC ILBLAUME(S Zev CPL. IX, Figs. 16~20), 
RAROWRTHRSZALCL 4K, KoBLOPEK 
DAS SIR*, DSCHiCH<, HUwBEU 
PHAACLORS SBYPS<, ERBABARO 
PUL AAMT SRDOMOK RAL To hOT, 
HUD PRIS k UBER D FETE RHE DHS] OLEH 
Tso tts COPMICHHEFRIIREL, Ase 
IR TRALE OD AHO PRIDE L < HEB CPI. IX, 
Fig. 20). WEFRAD RAL C OBE ChaS 
SAIN L, SAAT & LIC RAI HO 
YOWICEHAL, TOK, MIGBATOED YD 
CREO, WUC ko CLOMAHIRIC Hb 
AUC HEF ALE SNS OS UCSERAL ETF 
PIGS 55~75y, I 7~10n OAS Lie, 
TOMNEIL, FARIC—-WDYL—fHOGRALA 
TS 82 OWesEFA LEIS (PI. IX, Fig. 21), 
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Plate VIII Formation of zoospores in zoosporangia of Costaria costata (Turn.) Saunders. 
All magnifications ca. x 2600. Fig. 1. Resting stage. Fig. 2. Later stage with reticular structure. 
Fig. 3. The same stage, showing two nucleoli in the nuclear cavity.. Fig, 4. Synapsis. stage. 
Fig. 5. Open spireme stage. Fig. 6. Early diakinesis. Fig. 7. Diakinesis, showing O-, Y-, V-, 
Il-shaped bivalent chromosomes. Fig. 8. Late diakinesis. Fig. 9. Side view of the metaphase, 
showing the nuclear membrane beginning to disappear. Fig. 10. The same stage, showing the 
centrosomes at the both poles of the spindle. Fig. 11. Anaphase. Fig. 12. 2 daughter nuclei. 

T. Nishibayashi and S. Inoh: Morphogenetical studies in Laminariales, II. The development 
of zoosporangia and the formation of zoospores in Costaria costata (Turn.) Saunders. 
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Plate IX Formation of zoospores in zoos 
Magnifications ca. x 2200, Fig. 13. Metaphase of the second meiotic division. Fig. 14. Anaphase 
of the same division. Fig. 15. 4 nucleate Stage. Fig. 16. Metaphase of the third nuclear divi- 
sion. Fig. 17. 8 nucleate Stage. Fig. 18.16 nucleate Stage. Fig. 19. Metaphase of the fifth 
nuclear division. Fig. 20, 32 nucleate stage. Fig. 21. Zoospores formed completely ina ZOOSpo- 
rangium. 

T. Nishibayashi and S. Inoh: Morphogenetical studies in Laminariales, II. The development 
of zoosporangia and the formation of zoospores in Costaria costata (Turn.) Saunders, 


porangia of Costaria costa 


ta (Turn.) Saunders. All 
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AY AOPIEFRMOBABMAL, Fe AR 
ho =e 7 Bie incomme > oe 
b, MEF M4 AK 4 Hose Liilhadds DISET So 
AY ADBEFRRBEL, HNC BS OA Lic 
eee ae F956 et es Poy = 
YF Cita MID bO, ok, de FAN e 
TRON SRUELO (HH HS URS aS LC Be FT 
DAME, ALY ACU RiMsIZ ESN hd e D 9 
HUtCH, BOC REOUMHM Abn. Mb A 
YAC, BHOMHIRS YA YavYFEOLE 
WREMICTT DIT So LAR LEMAOBB OW 
(i, S94 Yay TULSE ICME RSE SL 
CWOAs, AY ACECMWE EMME ¢ (Eel T 
OPAL OSNRA AMR AIC k ORL ST ZED 
PUMA HRV S94 Ya TILE OINEO 
FEEDS LOC, JERICMR< OR LOLA 
bn o 

BD ROT 4 TRY ARICIL, A RIBE 
Lic SAB AAR SNEOC, BHHWNO WE 
FRC 31F S Re = EO LTRTRADWCH 
So B-TRAMICbwc, MRA LIAS 
POEL CW SEODBMBENEA, COLL 
Clcmmami SN CERI, MEAD YARMO 
EDCHSZELRBANIS. 

2Y7 HHO RA AMICO TC Wik 
Chorda filum © n=20 (Kylin, 1918), Egregia 
Menziesii ( n=8 (Myers, 1928), Pterygophora 
californica (§ n=13 (McKay, 1933), Eisenia 
arborea (i n=15 (Hollenberg, 1939), Laminaria 
japonica (i n=22 (heh, 1939) tESh, 
UC, COMETH LOMBARD 7 at vy 
YB, ERR A sy RRICLSZBLOE 
L#IZ Ek 9, Macrocystis integrifolia (x 2n=32 
(Walker, 1952), L. cloustoni (& 2n=22 (Walk- 
er, unpub.), L. flexicaulis (tk n=13 (Magne, 
1953), L. saccharina (k n=13 (Magne, 1953), 
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n=27~31 (Naylor, 1956) }#04¢3h, *%5% 
Hi blk Undaria pinnatifida (k n=22 (1954), 
L. angustata 4 n=22 (1956) £#F# LED, A 
RACE n=K) 80 OBB AARDM bon. COL 
F10, 2Y7F AMMO LEAMILt OMIT L O, 
ETC OIPMIC Rito RM AA SNCs 
D, CAICBas S FEN RIL SAO PFE LB 
PEUPHUEIES CLARE. EK, BHORE 
PILED ty FADLO LAA, JEHMICDSO 
CPUS LHEY, FOKDAMO AAMT 
%, Se, AAC it SOBER it ERT 
2 CIFFEICIRIE LV 

OO UWFEF VACA 3S IEF OMIT 
Vth, Chorda filum ® 16 (CKylin, 1918), 
Alaria esculenta (Sauvageau, 1918), L. sac- 
charina (Schreiber, 1930), Pelagophycus porra 


(Herbst and Johnstone, 1937), Eisenia arborea 
(Clare and Herbst, 1938), .L. japonica (fae8, 
1939), Undaria pinnatifida (F535 » Pa%k, 1954) 
ds kU' L. angustata (ibk « EEF, 1956) 2 32, 
Pterygophora californica (McKay, 1938) 33 £ U 
Eisenia arborea (Hollenberg, 1939) © 32 KR 
64, Saccorhiza bulbosa (Sauvageau, 1918) 9 
128 £43 < OMA SN CWSAi, ACL A 
\C 32 DiBEFABMSN Ke, LLEORRD 5, 
>< DPD MARRS tv TAKMOS<lk 32 
DBEFLUMT ADC ME HbNS. 

L. japonica (Sal #8, 1939), Undaria pinnatifida 
(JES + Pbk, 1954) 3s LU L. angustata (Pup: 
seHF, 1956) Cid, DBARO—MME fe lho IC A 
DARKO NEO FEED SA SIUC SD, AKC 
(LAO MMIC, OER COOF DALES 
Dd YIC(LHDRA BU SNLOC, AMIE 
BAD DCRR © MIT HUD PRDELET S © 


APR TI AO, MRORR RICE < 
OPRR WR, AABN BS Bal 
ee OSM RASA, OOH N eee 


L. digitata (& n=8 (Walker, 1954), L. digitata, ICIS ¢ ARLE EID Eto 
L. ochroleuca, L. saccharina D=FfREE Sc 
Summary 


1. Both the zoosporangia and the paraphyses originate from the superficial cells 


of the sporophylls. 
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2. The first and the second nuclear divisions in the zoosporangium are meiosis, 
and then three successive ‘mitoses take place to form 32 free nuclei. Consequently 


32 haploid zoospores. are produced in a zoosporangium. 
See ihe haploid number of chromosomes in Costaria costata is about 30. 
4. The centrosomes are visible at both poles of the spindle. 
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Tsuyako KO-BAYASHI*: Diatom Vegetation of Shiobara Spas. 
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TRL < LOA, HMO 
4 H. Molisch ft (1926) KUYLABEL + ATA 
Sem: (1942) ick CH HNAR CI 
LS PREOTD NTR O—OCHSM, TA 
BESAIC BA L Clk eRe < TLAS + DAYS PS: 
as PEBSUS LE ZESCMAIC IN » CHR METI 
CEBVOCHSB, MHA PHL CHUST SB x. 
ChS5 CMENTOZKUICHAODG, BHI 
1954423 A 31H L044 3 ARS Be 


BR < ANTIK PE OPRE FFT KBR TAB 
EBD BR DADE BSE SET RIE OC E OPER 
MET So 

REGRASREL, DEORE eRe Lc 
PSs Ref HEE ¢ RABBLE. 


WE RR O HR 


1. AWB J FRCE REED DBA 
At TREO MANIC ANT Te OCH HV Lo 
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of 
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Surirella ovalis B: Gomphonema Clevei 
E: Amphora Normanni 


A: 
D: Caloneis bacillum 
G: N.h. f. subcapitata 


2. BRAG Gaba 1 0) ae) [RIT 
SOG, HOG, FHOGSV< OPOLMEH 
BHO, KERLEHORD FBHSSZ LO CHER 
MO PETIT LW asa) O A ROAO BIN ILC 
LABORED 4 aA EON LCORD CHE 
Lit, aeetber A, B, C, D (Ze x%7KIBIZ 26.8°, 
34. 0°, 36.8°C, ASHAG, pH (t 7.6, 6.1, 6.2 <@ 
Cl-(t 733, 812, 839, 845 mg/l Gidy 4 444 
DRE A COR, CHS OSHA CLARE 
(HE SO FAD SBE LU CORT 1 HO FL BIL 
#-O A Hike (Sample No.5), BHA CHIC 
(ik 11 (AB, Beat. DAU) CEE 
falk Navicula halophyla (CC), Cymbella sp. 
(C), Gomphonema parvulum (+) “Gc Navicula 
halophyla-Cymbella sp. #EYEGCh= ko BR CIE 
1 BARONE CHARILKEM Cho Ro fi 
BARRORALH 2km BNeHSEBRD oS 
BIBLCEWSOCEORRMWE LOL UCHR MH 
DEW oWRKe A BU BO 2 tbe det Lio 
ARID 53.9, 54, 54, 51.2°C-Ch> Kast 
SET 4 BOA RMILD D> Ko 
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C: Caloneis Clevei 
F: WNavicula halophila 
H: Fragilaria capitellata 


3. tae mIIONROHOBCIACS 
MOP ORR GRAV) eI LRA 4 HE 
(RLSM. ho ROME CHAR ECKS 
DYER EME LER CHS 6 

4, Pins Gaztbe IV A~C) JE ti 
FIC > § ODOUR DS S DRE OPE ICI 
Sie DUE RiCid TUR RI Cho. HEHORE 
FAB CHIE OIC HSZ4OC, 2 rv b CHo 
fe. 2x1.4x0.4m ffOLOCED FBARBHL 
CW BITGHICSNS2LAHSE35 CHS 
Ds, MORN AT YD Y CMEC HE 
SICA SIVCODo AAS RTE AS — ANCE 
Zw CRE 12. 0°C, Fey 33. 0°~34: 4°C (7 
Re) Cl> 566mg/lI), 74 Halk 7 FEREL Navicula 
cryptocephala BREGCI 5 te nA 
5. PR GAASbA V A~C) malities 
IC HIRE YR Db DER CHo es, TRO 
EIT DIZKRO—-DMROA Chor ko WII 
DAE (AOWON ) CHARA 28 RH HE eK 
BBD SAKA RV AeA CRASH, & 
Ae LCBAASNAZCELSS EWG RET, 
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WRIT SNCS L 5 CHS. COW 
KP 2.5x1.4m (7D 4 OC Xv b BEIT A 
ENT OAEILHE) 400m Ho ho TA HIE 27 
Fix MX, Nitzschia palea FEE CH Ko CK 
(38. 0~38.8°C, iii 16.8°C, pH 6. 6) 

6. THA Gabe VI A+B, VID) 

Trl TRC Tt LIE OPRAE IT ali 4 & dv}, 16 
AOBaARivk, MAMRARRAOBRUR, MH 
AGMEO AMR CFU 113 Bh) © 3 dread 
FE LED T AHO RONKEOILEO 2 DMRS 
bo ko HAMAR BROBOH CV SRMIX 9 
fi Oy Nitzschia palea PREC, BOD SR 
BE LK OPEM Ct 8 HK Z BI ~ Miz 
schia palea— Nitz. amphibia #2ECI oto IK 
Yi 20.2°C, pH 7.4, Cl- 129 mg/l. #A7KREKEO 
AIBA Gk 74 BAY < LMR bNRKI Cho 
f= (oki 27.2°C, pH 7.2, Cl- 49mg/1), 

7. Sta GAH VILL) ae 4 RL 
FOB ABA LTC Ro MAlLREO lisR S 
AD JAE CIRIEREZS PH (SPIE HK > KAS 
ILA + AWAKE S EPO AS pH 2.6, $o 
2s pH2.0 Etto TiS, Pinnularia Braunii 
(var. amphicephala ts) 1 FEAL < BHAL 
fH OPM AIR LCV OK 238°C, Sli 
18°C (15 &), pH 3.2 LIK), 

8. Fein (ian IX A-B, X) 

TR REC FAIS BE UC S GRE RIAA LC 
bo Cit RROREICLNGACH SA, COV 
IRA OWT 30 m Few LO OHI AKASH L 
CREADBRATL DNS COIR OMT 4 Bias 
HX Dt. Navicula cryptocephala PECs fe 
Oki, 33.2°C, SiR 14. 2°C (OH), pH 6.8), 
A DOYERILEK 40cm DOAN 4 TORE L 0 Wi 
HL CRED HH BES BDC DEE CARP LBRO UL 
CAMSuiki by Navicula cryptocephala PX 
Choo te Okt 31.5°C), 

9. MDI GAH XI A+B, XI) 

Fi NERO RUG L OW UC WO SBE 
CIRFAICHEL CURA, FC OVRRIT LAR LERO 
WCADBL < 74 MAULDIN igd> Kel FAIA 
ERICA EVISU BABH UCR a4 He 
ORM CHILS< ie <, 8 MAA BHR, 
LICH BAR OWSZE Cymbella aspera- 
Gomphonema parvulum- Navicula cryptocephala 


aA 32 4B 7-8 A 


PERE (yd 24.6°C) & Gomphonema gracile Ff 
ZF Oki 24.0°C, pH 7.5) Cho ko 

10. a DZalmasR BA AEBS IRAE O WGUR % det 
LA, JIMOABe SH LC SOeESIE 
Me UCHALCHSBARMEA TC, SAULT 
WE OFRFAIT RAS Te D CHER Liktno Ko 
DIME OFLC SRONSORBHOM 
TRICE L Cl SR HE LIAS 4 BRIE SLB 
ALI D> Ko 

RR RECSE RM LEA lieeadD BRR 
CAT L FIC 55 MCCOPAASMEMIE Calo- 
neis Clevei, Cyclotella Ktitzingiana var. radiosa, 
Denticula thermalis, Fragilaria  capitellata, 
Navicula halophila f. subcapitata, Nitzschia 
microcephala PD 6 FEC, AAR STERIL Ach- 
nanthes lanceolata. var. elliptica, Amphiprora 
alata, Amphora Normanni, Cyclotella Kzitzin- 
giana, Diploneis ovalis, Gomphonema parvulum 
var. subellipticum, Navicula contenta, WN. 
halophila, Nitzschia vitrea, Stephanodiscus ast- 


raea, S. a. var. minutula D 11 f& CHA, 


EETIRICOWT 


1. Cymbella aspera (Ehr.) Cleve Afa(d 
Kail, TRI RM Sh SCH AICW LO 
*ANwEtE (Kolbe 1927, Foged 1948, 1954), && 
THA YVPECEULICA L CAEL CFoged 1948, 
1954) L8NCWS7AHCAAITIN T EH 
DHFiKR SNCS FE] MD INR O —- YR 
CWT, 24°C) CHE HRO—BCH> to 

2. Gomphonema gracile Ehr. STEED Tc 
CK < HL Cis, RIC RA ICB t Rb 
MCOSARAE TCE MOM BDHSHCSo > 
HOME CILHDIRERO 1 YR CWT 24°C, 
PH7.5) CH SCH ko AMY Fozed (1954) 
(XEAIEARRE, NSEME GRSNCBEL CT) EL CWS 
23 Hustedt (1938) (LBwdPEe L pH5.5 +O 
8.9 DNICSIETSE LCS. ARR STE 
Choo : 

3. Gomphonema parvulum (Kiitz.) Grun. 

FP PROTRIT IK << ATL LA LIEB ¢ BES 
SMCHSAs, Hustedt (1930) (LHCIETKICS 
WELTWSA Foged (1948, 1954). (iF Hit akHE 
ELtIEO, REROMWWIAR CORA EAB 
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ESCH C GHEE ORBRBBIC 1S) 
REEASO MECH HV NARRIC 4 IK CL, OL 
TE LIDGE GRICE SO EDM > te GEIB 1957), 
HATTA LC HF KE (Kolbe 1927), 45%2KE(Boye- 
Petersen 1943, Foged 1954), ERECTILE: 
(Hustedt 1938, Foged 1948) 8} 44&n 4s, 
EGE CY 4 8, Arh IOPRICIMHLI€ 
\» CHustedt 1938) 45 -CH42', HACE AIE 
Bvclisk, PRT RSR, BRUCE» BE 
Falk, “UR FY wy ASKER, ADA SRRGK 
JR, PORK WA Gh) RS ORR CHO, ES 
ImBELF Balt RO 32°C CHO. AABICHMN CIE 
Eid OAO AM C$ FER SN COD, SALAD 
RinskRO— WR CWT 24.6°C) ce Giio—o 
Cho Ro 

4, Navicula cryptocephala Kiitz. Wek 
INK <i, RRICIZA AGRIC EK << DART TB 
GC, Ha iext L, KF mME CARE (1942), HH? 
(Kolbe 1927, Schulz 1928, Budde 1930, 
Springer 1930) iV .JAME (Budde 1932), JK 
lia ? CLegler und Krasske 1940), #GEMEGIA 
Wit: (Foged 1948), *AczKE (Hustedt 1938, 
Boye-Petersen 1943, Foged 1954) E\V.AWA 
FUSED. ERT 1A VME CHICA LT 
ASGbE (Foged 1948, 1954) } 8125, AA 
ITP T 30 ROATOHL Cacée Sav TC 3s 9 ARR 
Sls ZUG CS < AH SNC Wo SAPEIAA 
CAS 1956) PF HH ARR GBF R 1957) C&L 
LE LUE GML EDC LATREN TSO CK 
MAMEL TAS CHA 5 o FAL Fi ODOR 
CWT 33-34. 4°C, Cl- 566 mg/l) CHART, th 
RRO WR CWT 26°C) CHOOT 
2 Ko 

5. Navicula halophila (Grun.) Cleve 

ferme > FRE ~CHustedt 1938),  FAwiM: 
(Hustedt 1930, Boye-Petersen 1943, Foged 
1948, 1954), fib 7k: (Foged 148) + &ne 
WSEC, AACIRARAND 71 BAL Ose 
BSNTHOSREIDLH CHS, SAILBER 
ARHOBO—RR (WT 26.8°C, pH7.6, Cl- 
733 mg/l) CHE SO —-TCHs ko AANGUR ET 
PETE CIS 6 

6. Nitzschia amphibia Grun. K< ati 
LIZ LIE L< EPS CRDICM LCL 
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(Kolbe 1927, Schulz 1928, Hustedt 1938), 7 
cE: (Kolbe 1927, Boye-Petersen 1943, Foged 
1948, 1954) th, B71 DUPE CHATICAL 
CARIEPEC SH (Foged 1948, 1954) Sn 
Ste CAAICIN CLA OBA LETRA O 
74 MAD badge SVC YO, FIAT RRO 
— DPT CEE ERED — DC Ho Ko 

7. Nitzschia palea (Kiitz.) W. Smith 

BOR MICIR << FHL, LIE LIZBL ¢ HET S 
Beh Pte 714 HEO-- BS SETI UC NERE 
(Kolbe 1927, Hustedt 1938, Foged 1948, 1954), 
Hive pH ICWUT 4 REHCEHS & SHC 
& (Foged 1948, 1954), SCF SASL TR 
£4‘G (CSchwarbe 1939), AHA OSBKHETK ORE 
BOER MEO MCh CHEER BRA 
BICES). ARIK CTH, TOMO 
K+ AT CaS CW SAS, > HE FA BT 
(WT 38~38.8°C pH6.6) KUHATEBR CWT 
20.2°C, pH 7.4, Cl- 129 mg/l) O—ye-ow 
GC, HETERO TAA CE iO 
d2 Ko 

8. Pinnularia Braunii (Grun.) Cleve 
JEANIE & var. amphicephala (A. Mayer) Hus- 
tedt EMEA RONAZOC, COMBCELE 
DEBORR® Litto ko BARRICIA < aH 
DMCARC $ MAA OUARME $ ERENT 
DDMAABILS (LTE 0 FEESTRIAEARRIC (3 
DMCKLOALBL< EL, LIZ LITMABE 
Bt. REYED Cyanidium caldarium & Jh\C HE 
EAMONN ChS EAMES 
CREAT SMRRCL LIZLIEAHMSHS. Salt 
BIRO CWT 23.8°C, pH<3.2) ce 
oT GC t> Ko ; 


5 4 8® BS 
(SOE ie) 


AC )ANO+,C,CC Did-sisPRRECR 
Sih, Bo, BLoeART 

1. Achnanthes exigua Grun, VIA, VIB, VA, 
NEV Ge 

2. —— lanceolata Bréb. VB, VC. 

3.. —— — ‘var. elliptica Cleve VC. AAG 
SRT HENS - 

4. Amphiprora alata Kiitz. VB. AAR ERS. 
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6. Caloneis bacillum (Grun.) Mereschkowsky 

IXA. 33. 
We Clevei (Lagst.) Cleve IIIB, IXA. A 

ASS HERE. 34. 
8. Cocconeis placentula Ehr. VC. 
9, —— —— var. euglypta (Ehr.) Cleve VC. 35. 
10. —— —— var. intermedia (Hérib. et 

Perag.) Cleve? IIB. 
11. Cyclotella Kutzingiana Thwaites VIA, VC. 36. 

A AN ETE. 37. 
L255 var. vadiosa Fricke IUB, VC. 

A ASeT eens. 38. 
13. Cymbella sp. I(c), VC. 39. 
14. —— aspera (Ehr.) Cleve I, XIB (+), 

XIU. 40. 
15. —— sinuata Gregory VC. 
16. —— ftumida (Brébisson) Van Heurck I, 41 

ee 42 
17. —— turgidula Grun. VC. 
18. —— ventricosa Kitz. VC. 43 
19. Denticula thermalis Kiitz. I, 0, VII. A 44 

ASH DERE. 45 
20. Diploneis ovalis (Hblse) Cleve I. AAI 

FRG BET. 46 
21. Epithemia sorex VIB, VB. AT 
22. —— turgida (Ehr.) Kiitz. var. Westermanii 

Grun.? IXA. A8 
23. Fragilaria capitellata (Grun.) Boye P. VC. 

AAS PERE. 49 
24. —— Vaucheriae (Kiitz.) Boye P. IIIB. 50 
25. Gomphonema Clevei Fricke IIIB. 
26. —— gracile Ehr. XII(+). 51 
27. —— micropus (Kiitz.) Cleve IXA. 
28. —— olivaceum (Lyngbye) Kiitz. VC. 52. 
29. —— parvulum (Kiitz.) Grun. I (+), 

IVO, IXA?, XIB (+). 53 
30. —— —— var. subelliptica Cleve VC,IXA. 54 

A ASGIR BT BEE. ata 
31. —— tefrastigmata Horikawa et Okuno vc. 

‘Summary 


fii Hm 4 ME aE 


. Amphora Normmanni Rabh. IXA. 


se 70 4 #% 829-830 & 


32. 


. Surirella ovalis Bréb. 
. Synedra ulna (Kiitz.) Ehr. IVC (+). 


- —— —— var. oxyrhynchus (Kiitz.) van. 


Wan 32 4 7-8 A 


Mastogloia Smithii Thwaites var. lacustris 
Grun. . I. 

Melosira varians C. A, Agardh- IIIB, VIB, 
VA, VC. 

Navicula contenta Grun. XII. 
— cryptocephala Kitz. IIB, VIA(+), 
VIB, VA (r), IVA, IVB, IV(C), IXA (C), 
IXB(C), X(+), XIB(+4). 

—— —— var. exilis (Kiitz.) Grun. 


FAST AR BI 


VIA. 
—— —— var. veneta (Kiitz.) Grun. VIA 
(+), VIB, IVC. 

— cryptocephaloides IIB. 

—— halophila (Grun.) Cleve I(cc). A 
AN IR BT EERE- 

—— —— f. subcapitata Oesterup I(+). 
A ASST HERE. 


. — simplex Krasske I. 
. Nitzschia. amphibia Grun. IIIB, VIAC+), 


VIB (cc), VC, IVC, XII. 


. —  linzaris I. 
. —  microcephala Grun. IIB. AAS ERR. 
. — palea (Kiitz.) W. Smith. VIA (c), 


VIB (cc), VA (c), VC. 


. — vitrea Norman IIB. 4 AVIA STPETE. 
. Pinnularia Braunii (Grun.) Cleve VIII(cc). 


IVC. 


. Rhoicosphenia curvata (Kiitz.) Grun. IIIB. 


VIB, VA,. VB. 


. Rhopalodia gibba (Ehr.) O. Miill. IXA. 
. —— gibberula (Ehr.) O. Miill. I, IA, 


IIIB, VIA, VC, XIA. 


. Stephanodiscus astraea (Ehr.) Grun. VA, 


VB, VC. AAS IEEE. 

—- —— var. minutula (Kiitz.) Grun. 
A ASTGLAR AT EERE. 

IIIB. 


Heurck IIIB, VA, VB, VC. 


In 20 among 42 samples of diatoms at Fukuwata, Shiogama, Hataori, Monzen, 
Furumachi, Arayu, Sumaki, Sodegasawa and Shionoyu spas.in Shiobara district. of 
Tochigi Pref., the writer found 55’taxa. Those data are as follows: 
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Pl : Water Air ee ‘ F 
ace Station| pH Temp.°C\Temp°C Cl-mg/l} Diatom Community 
Fukuwata spa z | Navicula halophila- 
CIshino Yu) I | 7.6 26.8 18.0 2 733 Cymbella sp. Association 
” Il Gps chase. 8 | pe 839 = 
Fukuwata spa F - 
ee ant NA | 6.8 | 58.9 b 373 eal 
" IB —_— 51.2 = as pes 
Hataori spa ‘ ‘i 
(Seikin R6) IVA = $4.3 — — — 
‘ ie ee a 33,0 = ae B24 
” IVC 6.6 33.0 by 566 Abode cryptocephala 
uM a 
(Noten Burro) | VA | 66 | 38.8 | 16.8 | 695 | Nitzschia palea Assoc. 
” VB — | 380] — — — 
” 80 yl gel Se eet oe aoe 
Fu hi ss : ; 
(Kashiwagi Kan) | VIA | 7-4 | 20.2 | — | 130 | Nitzschia palea Assoc. 
ee rh, Nitz. palea- Nitz.amphibia 
i Mie iT 10: Assoc. 
 Furumachi spa Vi 7.2 27.2 a 49 ar 
(Nakane Yu) vir | 3.2 | 23.8 | — | 38° | Pinnularia Braunii Assoc. 
Sumaki spa pied N 6.8 33.2 ss i> oe cryptocephala 
a IX, B-+ ~ 6.8 33, 2 7 = " 
" x = 31.5 — — ew 
Sodega Sawa 
spa oe ee — 24.9 _ — ase 
Cymbella aspera-Gompho- 
" | -XE-B — 24.6 _ 25 nema parvulum-Navicula 
cryptocephala Assoc. 
_ Gomphonema gracile 
” XII 163: 24.0 - 65 Aseac! 


New additional species to Japan: Caloneis Clevei, Cyclotella Kutzingiana var. radiosa, Denti- 
cula thermalis, Fragilaria capitellata, Navicula halophila f. subcapitata, Nitzschia microcephala. 

New additional species to Japanese thermal flora: Achnanthes lanceolata var. elliptica, Am- 
phiprora alata, Amphora Normanni, Cyclotella Kitzingiana, Diploneis ovalis, Gomphonema parvulum 
var. subelliptica, Navicula contenta. N. halophila, Nitzschia vitrea, Stephanodiscus astraea, S. a. var. 
minutula ad 


= EF x mH 


1) Boye-Petersen, J., Det Kgl. Danske Vid. Sel. Biol. Mad, 17 (9):1-95.(1942).. 2) 7TASeH- 
IKWEGLSE, TRB 2 (2, 3):79-95 (1942). 8) Foged, N., Dansk Bot. Ark. 12 (5, 6, 9, 12): 
1-40, 1-71, 1-55, 1-112 (1947,1948). 4) ——_—.,, Folia Limn. Scand. §: 1-75 (1954). 5) Hustedt, 
F., Arch. F. Hydrob, Suppl, 15: 131-177, 187-295, 393-506, 638-790; 16: 1-155, 274-394. 6) 
Kolbe, R. W., PAanzenforschung 7: 1-146 (1927). 7) Molisch, H.; Pflanzenbiologie in Japan 
(1926). 8) ER, AEE DKLUBAFSIC LE 5 FIDO BRO BLAKE AI KISS BBE SIS 
AIC HY OA EE 2 ESE & LC i 7s BE BAIT PREPS S (CBR 7c BETK OIE OV (2) 1957. 


7A) Bor) Die the ee 


— Rist NL-55 Mc AGHS “ HERR ” * 


wo OAL 


ta ae" 


Tsuneo TAKEMARU**: Genetics of Collybia velutipes, IV. 


“Interpolarity’’ Occurring in the Strain NZ-55.* 


nae 32 42 5 A O7 Ase 


= 7X2 Collybia velutipes N2ZGCHNCOV> 
Cli, Kniep (1920) DBAHDAFRUARVRKAR 
FEB L fe DIRS 9, Vandendries (1923) & 
Zattler (1924) 43 random spores |< k 4[n}#e4) 
tA GC, Hic Funke (1924) 2: tetrad spores 
CL ABRAMS To C, An bAwa ahh 
PECHOSCLRURICRL Ko TORS S OMB 
AM Lo CONS hi RAWEStri (New- 
ton 1926; Heldmaier 1929; Brodie 1936; 
Oddoux 1953; Takemaru 1954), fit Aschan 
(1954) (&, ABYICV-ds)% illegitimate dikar- 
yotization ABUMWICISC SHAR ARLED 
© DAAC SIs 2 BAA OFFIC O 
AMEN, MADBARO UNE 4 KRROW 
DRIED ko BIC CN HO illegitimate 


MAMIE Lo CHURI MAA E Bt, Me 


WTS LF Pete T SAKE LI o Ro 
BBMAL y 7 UTOBRBO--RPIECOW TH 
illegitimate dikaryotization DIBBA Abn 
Ds, SSO RBic ric bit Aschan 3 2 i 
2 CCy, LORS BME t PARED TE I.“ FB 
RD <” MAEBSHEOG, Cn “ AURRHE 
interpolarity” LAI CHAT So 


HHRODA HK 


ARC HNOTPPAILET, = 7 ERT OR 
ist ise LEO” BRIER EG Lia ARO 


“RAR, 1956 2 A 7 AIC RSS SeRRRESE 
AOPMMECHZ, 10 Alal 25°C OSE ae CHS 
HB LKE BSACKBUCHHRtRMIR. CO 
Amaia b>, F4A 7 ARAL 
55P 2ZBNiz. COFRO spore deposit 
Db, MICE Loc, 17 MiFeDRELO 
CHES RICMORKPRECBHIL, TORO 
AAR PAAGIIC Lo CASICMALTC, MIF 
BECHhOC LRM LE. WDEDL5ILCHE 
HieMIIF HA No. 1~17 %, 2RGGXH 
SwWopmeet CAkd Ll, 12 Ale 25°C eHEL 
RR, FIV THRO ARR Lio RAL, 
ES HBARMOMIMCOO TH, KRICEO 
HMO RB ARIC OV CHE Lica fl, RBA 
HORST SEM, 0.025% Ett 0.05% 2+ 
LY FNAME CTI OTOBRE RET B75 
ea cies Me ey a “2 
FRAO RENT “DtTlk, Aschan (1954) 
(t-KOX BR b WET SHER L CU 
Bo CHULA CILASL LC, RAED SN 
CHF RALERT SO CMMBIVTV SOC 
(Zattler 1924; Brodie 1936; Takemaru 1954), 
CORDIC SE RORALERS LEDER 
bNS. LPLEAOBAK(L, FHRRIC Lo 
C, BAF Sn SIGE OMT ARS BAL 
TCORKD, —KOMBMAERHT FREE 
S, SRIGASS ES o MEE O EBISU C BAS 


* LURE EAE ES A REARSERE No. 56. 
PA LE Ae BSA My Be Department of Biology, Faculty of Science, Okayama Uaieereiey 


Okayama, Japan, 
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side by side Hex 7FZ CLIC LOC, FER 
DMO AE OIC EE OBERT MTSE 
TEDL AIRED BAI FARA BARS 4 fbi BE 
BLAEFRAICOV CIE, SHAH MEO LOD 
“BED 4LOCHhAPREOMBRMAL KS TR 
PFA te OEFEG RT LU OW 0 Ch B off, 
ESF (L RASA IZ OL THES PAU BHI ie 
Ska DIR BOLO BAR ACE 
RADOVRAEARA, ENZHMEtLb2c Le 
BRL, RUMOLOKCW Tht, BHYABT 
AE CHE Mth. 


eR i R 


i) BAIS: FER 55 PHPODBMAN EE 
it 17 BAF RAR 2 KMS DDS Ae 
CRMIL TC, FAY TPM dh. COR 
FRx, MIG FODMEE, tlkrutind OVER 
D2icbrs Cio ko CORE Table la 
KEL DCRENCWS, RAPS VOSS 2 (Hl 
WATCHSOlL, 2 HORERCRRARRAGS 
HEBSREDL, Alla 1 Hl, Awalssss 2 
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DARE RCNENAELTCWOS. 2H Sl 
DHERRECBGSIL, 1 HOA SHIAS CRI 
ChSo ERIFY7TRMAS, BSN 2 AK 
PHOS ACH CORR SNSBE (MES 
Bik) wits “(C+)”, BEAL WHRHIOT LEO 
fa bilateral agit RA] unilateral C4 Ron 
BBE GES BAL) VAS “+” RUCRURO 
{APOWN 4 FIY FORME AR Do RHE 
west, aie “—” CRbDSWCWH So 

—fRIC, MACFIE OB * LB AKOR 
Clif CB 77 y FIRMA 
b, BEA R>SIONT, COM MD MHK 
BC TROSCEBMbSNCWS,. HMZIX, Aschan 
(1954) AAV ee 7H RT DARI BAAD 
BUI OACACRERE, SNL OK 4 ERO 
TRORREHARLTCATCSL, DROVFY TBM 
ABSYMAR PLC SOCEM S. BHOTORR 
FROM 4, COLA RBM LoRMAEIL 
DG ONRIWE SL, PERORROAG CHo 
CHEN LISI LRM EME SZ boo 
illegitimate D2HECit, HURZFIY TOM 


Figs. 1-4. The fruit-bodies of Collybia velutipes growing on potato- 


sucrose agar slants in test tubes (Natural size). Fig. 1. Mature fruit- 
bodies obtained from the illegitimate pairing 7(A2B)) x 17(A2B2). An 
arrow sign indicates the spore deposit. Fig. 2. Typical fruit-body 
derived from the legitimate mating 13 (A!B1)x17(A°B2). Fig. 3. 
Haploid fruit-body developing from 5 mycelium of illegitimate 4(A2B2) x 
5(A2B1) combination. The appearance is rather harmonious, but the 
spore formation is very poor. Fig. 4. Haploid fruit-bodies formed by 
the monosporous mycelium 5 alone. 


240 ii mn 2 Me RR |= 70 HK BH 829-830 S Hefn 32 4 7-8°A 


Table la.. “Interpolar” mating pattern of the strain NL-55 (fruit-body 55P) obtained 
from two matings, one in April 1956 immediately after isolation of the single basidiospores. 
and one in October 1956. Pairings which showed the same clamp-forming reaction all two 
times are marked with one large sign. The combinations in which different results were 
obtained between two matings, are indicated by two successive small signs, the former of 
which shows the result in April, the latter in October, respectively. “+” denotes complete 
dikaryotization on either side of the contact zone; and “(+)”, limited dikaryotization found 
only in the contact zone between.two mated mycelia. In the pairings denoted by “«“—” no 
clamp-connection has been observed. 


Table 1b. Fruit-body formation from all pairings in which dikaryotization has occurred, 
and from 17 monosporous mycelia themselves. “F” indicates perfectly developed fruit-bodies 
bearing abundant basidiospores (Figs. 1-2); “f”, half-developed fruit-bodies with stipes and 
undeveloped pilei, no spore being formed (Fig. 4); and “r”, fruit-body rudiments. Such 
fruit-body as shown in Fig. 3 affects ““F”, but produces only small number of spores. So it 
is also classified into “f”. Fruit-bodies marked with an asterisk « are haploid. Pairings 


denoted by “—” have not yet given rise to any fruit-bodies or rudiments. 
i276 * P13 4 iS ORR SEG 7 2° OgT AT’ cag Sh SPIO TG 
Dp od oe ome eh het) 4 | oan AE) antares 
6f oS fo i ER + =| - STR FST \ up 
LSM ea) esas ee HG) te - - -H- - - = - - 
CU he RAR Bas a A Na de gets 5 - --+ = = CAA at 
Sf Fo + + SES eS =) ot = + oe iy 
14 ae + =C+) —_ - — — _ - - -—- = +4) + + -C4°+) A2B2 
I] + + + - = = = = —- =— = = | HO) + + G4) + 
Bod og als ea, - — teh at C+ 
a 2) -GH-G@ -— | — Se SS ES + + 4+ + 4+ 
- — —-—— = =—-= --- - t+- + + + 404) 
11 | Gt) (4) 50 Pome ome fee Se Re AB 
\Bee - - — _ -_ _ _ _ - - —- = +4(4) + - f =4+ 
3] — _ + sb +04) +04) + + +- + 40) - -—- = = = 
: Sd = i ce: ee a sak Pk Ee ae Pose Eee 
=o 2 ee a a Clie sete sl i — = 
10 1 ae +. Ct) =O) -G) Ce) f+ + 4+ + = eed eee || 4° 
1 Ge} > Bier ia home a) ete Ka) eb ee tC oh) SD) See nee 
i 
AlBl A2B2 AlBp2 A2Bl 
CO 
1 - r F - — F — pa 
6 “4 ay: Met a ra = =e 
13 —AV UE, frh. i \ee be # aie 
4 r =_ F = 
al Hees Sg 2 oe es 
14 ese ie “ts oF ~£ ee. |S AB? 
17) Bees oe f* L noe eee 
b é Bee! ey = — Kise re 
1,| Se ns 7 ar 
12 f* rot ee | ae 
F _ _ r f a4 
: Per Ohad eee -- re = 
7 f f F - F PPOr Speer £* 
1 Bi’ ot ha ileal, duet ik adler ae Au 
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DBE AICAEG LOOT, WbOSRI FY 7 
BUIELIIHM ANS = Us, Coprinus, Psathy- 
rella, Peniophora te EO BIC CHHSNT 
\>% (Brunswik 1924; Oort 1930; Vandendries 
1980; Quintanilha 1933; Biggs 19388), LyL 
Aschan (1954) D@Bic knit, = 7% RT ies 
Cl, COL GRBI AY TILS< bhp 
2HEV5 9 BHOCHECOMRCS, HICK 
DIY TR BASAL 6 LBV SHEDS 
Hc Avik legitimate DAAIOHUAIC LHNAZDG 
Ho TC, illegitimate {BHO SZC CIS 
Too MN UTh, CORMBHAD HEUARIL 
MOCK<, BALOOWIEMRIIY TRB 
RMPSDCHS6 MIMI DOALMIEATTbDNS 
Ye hone77r 7k, MERAH BNC Tb 
DAMAGED LOICHANT, IMDS <, ER 
EL CHS CDR LOBMENEVGE bok 
Wires, CHoERRACHICRIEDIFY 7G 
t2 To 

ii) FRACMAR: 7IYTOREDBAGHE 
ECOMACICOWTC, FRAVM OREN 2 AE 
Lk, CORES 1956 4 10 A LAD OERE 
CGO37 AMT, CORICFRAOBRY 
ATED sre RICOW TL, Bec 1957 # 1 
HE@aS 3 ARECHM CURR MELE. CO 
BEChKAMAOMRIL Table lb CA Tii 
0ChS. fa, RRM POBMmMs, AR 15°C 
DE Cho kz, CHILRMOFRAB MIC 
LEGER CHS LBAb6NS. KAD “PF” 
it, Figs. 1, 2 CmtL 45, HRORERE, fg 
FPMOS SREB OFRABERKDT. © 
WICK “Et” it, Fig-4 OL ZK, HEORB 
DH Cle <, WFRBM La PBAILLTS 
Mo CVE Lie, RGSS RAOWMLEAR 
to. Ere Fig. 3 OL 51C, M@ASHHSICFEEL, 
— RIERA BbtooHRAe Lc csh, AO 
OMFERICREAASNSELOS, WUS “£” 
CHL. Bi, FRAOMBIUMKI Od, F 
DEORE RR Sted ohhheelk “1” CRb 
Lio 2H2ORRICBW CC, FRABMAA SI 
ted 5 Reeth “—” GRANTS, Table 
lat b #HRMLCASL, BeEFREA “F” 
DIMI, ZED legitimate Ch~ADAwITW 
By, “+” GESIMIh) OMG COATHN 
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EDChH=T, “(C+)” GREXIMb) OFAC 
8, SECs Ch “E” ILOGCHSC ER 
Oo Hib, FRAPIEMICERMUCRENSH 
tB~AbNS “+” OFFER BWT, 2 BOR 
FERURIC bf OF KER E UCRBMERT 4 OB 
AKO bok. CORMICO CIS SRI RA 
Lisitnltte beds, Li <, FRAERAB 
(LOBED “FEO” KLacCRESNALOO 
4454 'G, £OBHUAs legitimate G3 ZA» illegiti- 
mate Gh AML GC, 4105 6 EBS 
BRAD CLAD 4 Dr 

iii) illegitimate DAA LOE CK FRARICO 
WC: EWROE 41, illegitimate DaBie dh, 
4D TMALASERICFTHNT & & IF, legiti- 
mate OfACLACKL SIC, EXRFRALE 
AIH F SED AARC HH, Quintanilha 
(1935) 4, Schizophyllum ® illegitimate 27d 
FT FRADV MERE LCWOSAS, CHE 
(i legitimate D4LOL O47 ORME 
LE\VS0 LALEKOGA, ANOLOE Y 
SRE< (MIARC) BBORRREATSE 
(RRM LEOIL, legitimate DHA Clriec ¢ 
C, Ric illegitimate D{AA (Sx 17) Cho 
ROLES. ERBMaNRIIFORM 
(i Fig. 1 © spore deposit (KE) GRANAWS 
L 45 ICY CHE Ch YO, UFOKE Sh legiti- 
mate DREAPbSOLDERAEBSIE. BIZ 
(i, illegitimate 7x17 LOD4E=UCKIGFORE 8 
(HEE 15.9+0.8y, SE 3.540.610 Ch, 
legitimate 10x 11 DHBbNK MAF 6.0 
£0,.8p, SE 3.540.8p Chak, COPTIL 
4 4 FH PE 2 I ORCI IA, & 
fA 50 (HOO OFE(E CHS. Wich os 
4, MAROnM CYL BRLAbHIDO Ko 
ZV, dO illegitimate 7x 17 gbhbn 
RAFO, Bee RPK LiCisltS 25°C, 24 
REFER OSB, FOF 522 fAlCO+T 
92.3% Chok, CMILM-AAIC II 4 legiti- 
mate 5X9 O36tf34, 1671 fUFITOX 94.3%, 
tH UCR ORW MBEVGFCEMBESI 
56 fa, FR LRIGHSALE b, 24 IIA 
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Summary 


The so-called illegitimate dikaryotization occurs in the strain NL-55 of Collybia 
velutipes. As seen in Table 1, the dikaryotization occurring in the illegitimate com- 
bination A!B! x A!B2 (homozygous for A!) is uncertain or limited in the contact 
zone between two mated mycelia, normal fruit-bodies being not formed at all. On 
the contrary, in the other illegitimate pairing A2B!x A2B? (homozygous for A?) both 
dikaryotization and fruit-body formation take place as completely as in legitimate 
mating. In the latter case, the possibility of contamination of the adequate spores 
or oOidia may be eliminated on the basis of the law of probability. Thus the just 
“intermediate” mating pattern between bipolar and tetrapolar ones results, which is 
called “interpolarity” in the present paper. The significance of the “interpolarity ” 
is briefly discussed from the view-point of evolution. 
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Tetrapolar mating pattern between 18 Fj-monosporous mycelia from the 


legitimate pairing 5x9-of the parent strain 55P. The sign “‘+’' denotes 
complete dikaryotization on both sides of the contact zone, and the sign 
“(+)” indicates limited dikaryotization found only in the contact zone bet- 


ween two mated mycelia. 
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Table 2, .a) “Interpolar” mating pattern occurring between 16: Fy-mycelia from the 


Tester mycelia from 55P 


fruit-body 18 of legitimate origin. b) Pairing pattern between the 16 Fy- 
mycelia and 8 tester-mycelia from. the parent strain yey ee 

The mating types A2B! and A2B2 may be divided into three subtypes 
I, I and III, respectively. Genic constitutions of these subtypes and mat- 
ing pattern between them are given in Table 5. 
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Fy-mycelia and 8 tester-mycelia from the parent strain 55P. 
The mating types A2Bl and A2B2 may be divided into two subtypes I 
and II, respectively. 
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Table 4. Tetrapolar mating pattern between 12 Fj-mycelia from the fruit-body 410 
of illegitimate origin (A2B1x A2B?). The mating types ABI and -A2B2 may 
be divided into two subtypes I and II, respectively. 
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Summary 


Mating patterns between F,-monosporous mycelia of legitimate and illegitmate 
origins in the strain NZ-55 (fruit-body 55P) have been studied. 

The tetrapolar mating pattern as reported by Aschan (1954, p: 612) has occurred 
between legitimate F,-mycelia (Table 1). Between the other legitimate F,-mycelia 
(Table 2), however, the ‘“‘interpolar” mating pattern as found in the parent strain 
55P (Takemaru 1957) has appeared again. 

From the pairings between illegitimate Fi-mycelia, typical tetrapolar pattern has 
resulted (Tables 3 and 4). ; 

These experimental results suggest, as already described by Papazian (1951), 
that the A incompatibility factor is controlled by at least two linked genes. 
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Introduction 


Emmer wheat with the cytoplasm of Aegilops ovata obtained by means of 
successive backcrosses is characterized by its male-sterility (Fukasawa, 1953). 
Cytological investigation on the pollen degeneration in the sterile anthers, shows 
that microspore development proceeds normally with complete pairing of 14 bivalents 
at meiosis. After liberation from tetrads the microspores fail to develop, degenera- 
ting in the course of pollen mitosis (Fukasawa, 1956). 

A similar degeneration of pollen grains can be induced artificially in normal 
wheat plants. For example, when stalked young spikes with two leaves are cut 
off at the stage of pollen mitosis and placed in the dark for about one week, white 
spikes without chlorophyll emerge from the leaf-sheath, and no good pollen grains 
are formed (Fukasawa, 1956). The degree of pollen degeneration in the dark in- 
creases extremely when the plant is cut off at the meiotic stage. The present re- 
port deals with the experimental results concerning the restoration of pollen for- 
mation by supplying sugar to the culture solution in the dark, and a preliminary 
attempt to resolve the mechanism of pollen degeneration in cytoplasmic male-sterile 
wheat. In addition the study deals with an attempt to prevent the degeneration of 
pollen grains in the male-sterile wheat, and a paper chromatographic analysis to 
survey the sugars present in male-sterile and normal anthers. 


Materials and Methods 


The wheat plants used in the present investigation are Triticum durum var. 
Reichenbachii and two male-sterile strains with the cytoplasm of Ae. ovata, namely, 
male-sterile durum and male-sterile dicoccum (Khapli). ‘These plants were planted 
in the field. Stalked young spikes enveloped in the leaf-sheath were, with two 
leaves, cut off at the meiotic stage, and placed in a bottle with Shive’s solution. 
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Normal spikes of 7. durum were cultured. in the dark at room temperature for 
about one week or more. Sugars added in the culture solution were glucose, fruc- 
tose or sucrose in a concentration of 5 % or 7%. Male-sterile spikes were placed 
in daylight at room temperature, adding, such sugars to Shive’s solution or tap 
water as 0.5 %, 1-%, 3% and 5 % sucrose, 3 % glucose-or 0.5 % and 1 % fructose. 

Pollen grains were investigated by staining with dilute aceto-carmine solution 
to detect any abnormality in nuclear division and cytoplasmic anomalies in the 
course of sporogenesis.. Various types of pollen degeneration were classed in the 
following five grades according to Kihara (1937). Namely : class-I, normal good 
pollen with one vegetative nucleus and two generative nuclei; class-II, pollen grains 
with three not fully differentiated nuclei; class-III, two nucleate pollen; class-IV, 
one nucleate pollen; class-V, empty pollen. 

The survey of sugars in the anthers was made by means of ascending one-di- 
mensional paper-chromatography. Sample solutions were prepared by extracting the 
anthers with 50 % ethyl alcohol. Development of sugars was carried out by the 
use of a mixture of m-butanol, acetic acid and water (5:1:2). After the filter paper 
was dried at room temperature, it was sprayed with alcoholic benzidine solution 
(benzidine 0.5 g., acetic acid-10-cc., absolute alcohol 80 cc., and 40 % trichloroacetic 
acid 10 cc.) and heated until the clear brown spots appeared. 


Experimental Results 


1) Normal plant of 7. durum in the dark. 

When the stalked spikes of normal plant of 7. durum were placed in the dark, they 
grew very slowly and, the green color of their leaves and leaf-sheaths faded gradually. 
White and tender spikes emerged after one week or more. However, when 5 % 
glucose, sucrose or fructose was added to the culture medium, they grew more 
rapidly than the control without sugar (Fig. 1); the decoloration of the leaves and 
sheaths was also less conspicuous than with the control plants, and the heads were 
composed of rather tough spikes with a light yellow color. 

Results of investigation of pollen grains obtained from these spikes are presen- 
ted in Table 1. Normal plants growing in the field were found to produce as much 
as 95 % good pollen grains, whereas on the plants cultured in the dark, most of 
microspores became either one-nucleate (class-IV) or empty (class-V). Good pollen 
(class-I) was not produced at all. However, when sugar (glucose or sucrose) was 
added to the culture solution, a considerable amount of good pollen grains was 
produced (Table 1). For example, the spikes grown in 5 % sucrose solution pro- 
duced as many good pollen grains (92 %) as the normal spikes growing in the 
field. When 7 % glucose was used, 59 % of the microspores grew into good pollen 
grains of class-I, 26 % were class II, the rest of them belonged to the class-III, -IV, 
and -V. In order to confirm the results obtained in the above experiment (exp. 1 
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Fig. 1. Dark-grown spikes of Triticum durum. C: control (no sugar), S: 
sucrose, G: glucose, F: fructose 


Table 1. Pollen analysis in the dark-grown spikes of Triticum durum 


Pollen classes 
Experiment no. Culture conditions 
I II il IV Vv 
In field 95.4% 0.4% 2.7% 0.9% 0.6% 
Tap water in the 
1 light 92.4 0.6 Be Dee 1.6 
(May 9, 1956) Control (no sugar) 0 0.5 12.4 47.1 40.0 
5 % sucrose 92 4.4 2.8 0.2 0.5 
7 % glucose 58.6 2580 8.7 3.4 Bad 
5 % sucrose 37.3 44,2 13.1 4.4 1.0 
2 LY  W 13a 43.3 B20) 4.4 2.0 
(June 4, 1956) 5 % glucose 0 17S 78.4 9.3 0.5 
CD 0.2 14.4 78.4 6.8 Ong 
3 5 % sucrose 44,4 Sif aa 13.8 3.9 0.8 
(June 15, 1956) 5 % glucose 2.6 Sort 56.6 Boll 2.0 


Table 1), two sets of experiments were performed in June, with the intention of 
deciding whether sucrose or glucose was more effective in ameliorating the devel- 
opment of microspore. The results (exp. 2 and 3, Table 1) showed the same trend 
of restoration of normal pollen production although the yield of good pollen (class- 
I) was not always as marked as in the earlier experiment. The low fertilities in 
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the 2nd the 3rd experiments may be due to the unappropriate condition of the test 
plants investigated here in rather late season. Five percent sucrose was, however, 
found more suitable for the production of good pollen grains than 7 % sucrose, 5 % 
glucose or 7 % glucose. 

2) Male-sterile durum plant in the daylight. 

When the stalked young spikes of male-sterile durum plant were cultured in 
the daylight, as seen in Fig. 2, the spikes in sucrose solution grew better than those 
in the medium without sugar, having almost the same appearance as in a normal 
spike of T. durum. Pollen analysis was 
made with such a male-sterile spikes. 
Pollen grains from male-sterile durum 
plants growing in the field showed a 
higher degree of degeneration in this 
season than in the previous year (cf. 
Table 1, Fukasawa, 1956), i.e., a large 
number of pollen was empty and no good 
pollen of class I and II was observed 
(there were about 2 % class-I] pollen last 
year). The addition of sugar to the 
medium was found to be efficacious to 
some extent in improving the pollen 
status of those male-sterile wheat plants, 
although no first class pollen (class-I) 
was actually produced by the treat- 
ment. The results are summarized in 


Table 2. The addition of fructose, 
glucose or sucrose to the culture solu- 


tion decreased the percentage of empty 


i Fig. 2. Male-steri 
pollen grains to about 30-40 % as com- i ete aid ier eRe 


: in the daylight. W: control (tap water, no 
paraed to 70 % in the control without sugar), S: 3 % sucrose. 


sugar. The yield of class-IV pollen was 

increased to about 50 % as compared to 25 % in the control. The percentage of 
class-III pollen was also increased by the artificial supply of sugars, especially 
sucrose. Somewhat better results were obtained with sucrose; in fact, the pro- 
duction of class-II pollen was narrowly realized. The ameliorative effect of glucose 
was about the same with male-sterile dicoccum plants. 

3) Paper chromatography of sugars in the anthers. 

From the above experimental results it was found that the addition of sugars 
to the culture medium prevents the pollen degeneration in normal wheat plants placed 
in the dark, and promotes pollen development in male-sterile anthers. Since sucrose 
seemed to be most favorable in promoting the normal pollen production, chromato- 
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Table 2. Pollen analysis in male-sterile spikes grown in the 
daylight, adding sugars 


Pollen classes 
Strains Culture conditions 
I II II IV Vv 
Male-sterile durum In field 0% 0% 4.4% 25.7% 69.9% 
0.5 % fructose 0 0) 9.9 56.0 34.1 
ON 0 0 Deel! SY 40. 2 
3.0 % glucose 0) 0 O20 62.0 28.4 
0.5 % sucrose 0 i: Wee) 55. 6 27.4 
WO Fh IR 0 3 iP 52.9 26.9 
3.0% -» 0 0 al 38.1 59.8 
Bese WP 0 O75 17.6 53.8 Pay Il 
Male-sterile In field 0 0.1 Paha Ge 32.4 45.8 
dicoccum {Khapli) | 9 5 9 giucose 0 3.6 inode 54.2 22.1 
1 Onegi 0 il 20.4 49.3 28.9 
Control (no sugar) 0 0 3 3.3 | 5 95.4, 


graphic analysis of sugars in male-sterile and normal anthers was made with the 
purpose of detecting the possible differences in the sugar contents in normal and 
male-sterile anthers. Each sample of male-sterile durum and normal plants con- 
sisted of 200 anthers whose fresh weight was 45 mg. and 110 mg., respectively. 
Furthermore, maize anthers taken from cytoplasmic male-sterile and normal plants 
were tested by the same method as used for wheat anthers. Each maize sample 


consisted of 120 mg. material (fresh weight), which was 127 anthers in male-sterile 


0.3 Triticum Zea Mays 
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Fig. 3. Paper chromatograms of the sugars in male-sterile and normal anthers. 
1; standard (F: fructose, G: glucose, S: sucrose), 2; normal wheat, 3; male- 
sterile wheat, 4; young anther of normal maize, 5; young anther of male-sterile maize, 
6; mature anther of normal -maize, 7; mature anther of male-sterile maize. 
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plants, and 42 in normal plants. After developing for 15 hrs. sugars were detected 
by spraying with benzidine solution. The results are presented in Fig. 3. Normal 
anthers of 7. durum gave three spots, in which one small spot represented sucrose 
and two large spots fructose and glucose, respectively. Only two spots appeared 
in male-sterile durum anthers with no spot in the sucrose position. On the other 
hand, maize anthers gave spots for all three sugars, fructose, glucose, and sucrose, 
and both in male-sterile and normal anthers. Furthermore, young maize anthers 
produced four spots, of which three coincided with these described just above; 


another one appeared to be maltose. 


Discussion 


There are many reports about favorable effects of sucrose on the growth of 
vegetative organs in plant (Juhren and Went, 1949; Lee, 1950; Street and Lowe, 
1950; Street and McGregor, 1952; Hildebrandt and Riker, 1953; Bohning, Kendall 
and Linck, 1953; Rietsema, Satina and Blakeslee, 1953; Frank and Kenny, 1955). 
However, the effect of sucrose on the development of generative organ has hardly 
been investigated. Iwanami (1954) reported that starch grains in the pollen of 
Impatiens increased in the medium with 5 % sucrose. In the present investigation, 
it was revealed that the pollen degeneration with wheat spikes placed in the dark 
was prevented by the addition of sugars to the culture medium. This leads us to 
the supposition that sugars are indispensable for the normal formation of pollen 
grains. Furthermore, since sucrose was more effective than the other sugars and 
since paper chromatographic analysis showed no sucrose spot in the male-sterile 
wheat anthers, it seems likely that the presence of sucrose is essential for normal 
development of the pollen grains. However, adding sucrose to the young spikes of 
the male-sterile durum plant did not result in the formation of good pollen grains, 
though some progress of pollen development was found. From these facts, it may 
be assumed that the pollen degeneration in cytoplasmic male-sterile wheats is caused 
not solely by the deficiency of sucrose in the anthers but also of other still unknown 
factors. 

As the results of his paper chromatographic study, Fukasawa (1954) has reported 
the disappearance of proline and the remarkable accumulation of asparagine in the 
anthers of cytoplasmic male-sterile wheat and maize in the course of pollen de- 
generation. A similar relationship between proline and asparagine was also found 
in the flag-leaf of male-sterile durum plant, as well as in both anthers and flag-leaf 
in the normal plant of 7. durum placed in the dark for one week or more (Fuka- 
sawa and Mito, 1956). Further investigation should be carried on to determine 
whether such a relationship between proline and asparagine in the male-sterile 
plant is directly connected with the sucrose deficiency described in the present study. 
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Summary 


1) The present report deals with the preliminary investigations of the influence 
of sugar supply upon the pollen formation in wheat, in order to find a method of 
preventing pollen degeneration in cytoplasmic male-sterile anthers. 

2) When young stalked spikes of normal wheat plant (7. durum) were cut 
off at the meiotic stage and placed in the dark, all microspores became abortive. 
Adding of sugars, especially 5 % sucrose, to the culture medium protected the pollen 
grains from degeneration, yielding good pollen almost to the same extent as in the 
normal plant growing in the field. 

3) When a male-sterile durum plant (stalked spikes) was cultured in the day- 
light, adding of sucrose did not result in the production of good pollen grains, but 
some progressive features of pollen development were observed in cytological in- 
vestigation. 

4) Paper chromatography was used for the survey of sugars in male-sterile 
and normal wheat anthers. Normal anthers showed three sopts: fructose, glucose 
and sucrose; while male-sterile anthers did not show the sucrose spot. 

5) From these result, it was concluded that the lack of sucrose in the plant 
was one of the main causes of pollen degeneration in the cytoplasmic male-sterile 
wheat, althought other still unknown factors might also be involved: 
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The Effects of Colchicine and Auxin on Rhizoid 
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It is a well known fact that auxin and colchicine affect both the growth of elon- 
gation and its morphological type. The author stated in a separate report of this 
series that in Equisetum indole acetic acid increases the number of rhizoids in the 
germinating spore, while in Osmunda it acts as a kind of inhibitor for the rhizoid 
formation (Kato, in press). The present study was undertaken to determine the 
effects of growth hormone (naphthalene acetic acid) and colchicine on rhizoid for- 
mation in Dryopteris spores. Regarding the influence of colchicine on young pro- 
thallium, Yamazaki (7) reported on Polystichum craspedorum, but not on the role 
of colchicine for the rhizoid-differentiation. 

The spores used in the present experiment were taken from the leaves of Dryo- 
pteris erythrosora grown in the vicinity of Nagoya City. Spores were cultured for 
15-20 days in one of the following concentrations of a-naphthalene acetic acid 
(NAA); 0.01, 0.1, 1, 10, 100 p.p.m. Aqueous solutions of colchicine were prepared in 
concentrations from 0.2 to 0.05 %. As control, 1/5 dilute Knop’s agar medium was 
applied. The method used in the present experiment was the same as that described 
in the separate report. 


Results 


In the control medium, after seven days of culture, the first division of spores 
takes place and the rhizoids grow out of the exine membrane (Fig. 1g.) 

1. The effects of NAA 

In the NAA-containing medium (100 p.p.m.), the first division of spores is 
strongly inhibited and spores are greatly enlarged prior to the cell division. That 
is to say, spores grow not only longitudinally but also laterally. Cwing to this 
hypertrophy of spores, the exine membrane is frequently cast off (Fig. la). The 
spore elongates longitudinally and becomes oblong in shape. 

In the control medium, the germinating spore becomes 9 or 10 cells in the 20- 
day-old material and the growth is usually in two dimensions. The spore cultured 
in the medium containing NAA often consists of a single elongated cell. No cell 
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division occurs. Figure 1b shows the spore consisting of two cells without rhizoid- 
differentiation. The division seems to occur in a position perpendicular to the axis 
of polarity. Figure lc shows also a spore without rhizoid. The new cell wall of the 
first division seems to be at right angles to the axis of polarity. Even if the rhizoids 


Fig. la-k. Effects of auxin (NAA) on rhizoid formation of Dryopteris spores. 
a, spore without rhizoid. Exine membrane is cast off because the spore enlarges greatly 
prior to the first division. b, two cell stage of protonema, without rhizoid formation. 
c, germinating spore without rhizoid. Exine membrane is cast off. d, germinating spore, 
appearing the lateral rhizoid from the protonema but not from the rhizoidal pole.  e, 
germinating spore having swollen rhizoid. f. germinating spore with two lateral rhizoids. 
g, normally germinating spore. h-k, spores with swollen latera] rhizoids, 
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Fig. 2. Relation between concentrations 
of NAA and average number of lateral 
rhizoids per protonema (15-day-old material). 


8 


) 
J 
< 
oc 
LJ 
fF 
<q 
ad 
Le 
Oo 
oc 
ui 
rm) 
= 
=) 
z 


7 10 B 16 


DAYS AFTER CULTURE 


Fig. 3. Relation between protonema growth and 
average number of lateral rhizoids per protonema. 
broken line A:--protonema. growth in the control me- 
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do differentiate, their elongation is 
extremely inhibited. Sometimes, the 
rhizoid is observed as a small pro- 
tuberance (Fig. 1d). The swelling of 
the rhizoid is one of the effects of 
auxin (Fig. lh-k). The rhizoid can 
originate not only from the rhizoidal 
pole but also from the protonematic 
pole (Fig. 1d and e). This may be 
regarded as a kind of lateral rhizoids 
rather than a reversal of the polarity. 
Lateral rhizoids are not usually formed 
up to the 5 or 6 cell stage of proto- 
nema in the control medium, while 
1-5 laterals are formed even in the 
1 or 2 cell stage in the NAA-contain- 
ing medium. 

The relation between 
10 the used concentrations of 
NAA and the average num- 
ber of lateral rhizoids is 
shown in Figure 2. This 
result was obtained from 
the 15-day-old material. 


un 


The number of laterals is 
greatly increased in con- 
centrations of 0.1-10 p.p. 
m. of NAA. In Figure 3 
the protonema growth and 


PROTONEMA GROWTH 


i] 


the average number of 
laterals in the _ control 
medium and in the medium 
containing NAA are shown. 
From the figure presented 
here, it may be concluded 
that in the control medium 


dium. broken line B---average number of- laterals. 


unbroken line C:--protonema growth in the medium 
containing NAA (10 p.p.m.). unbroken line D--- 
average number of laterals in the medium contain- 


ing NAA. 


there is a parallel relation 
between protonema growth 
and the number of laterals, 


i.e., the more the proto- 


September 1957 Bot. Mag. Tokyo, Vol. 70, No. 831 261 


nema grows or the cell number increases the more the average number of laterals 
per protonema increases. First laterals appear, for instance, on about the 15th day 
of culture; when the protonema grows to 8.7 mm. On the other hand, laterals 
emerge on the 9th day of culture, when the protonema grows to 0.5 mm in the 
medium containing NAA. As mentioned above, in an extreme case, a lateral rhizoid 
is formed even in one cell stage of an undivided spore (Fig. lh and 1k). It is, there- 
fore, evident that NAA acts as an effective inducer for the formation of lateral 
rhizoid. In conclusion, NAA-treatment of the germinating spores prevents the form- 
ation of rhizoid from the spore and promotes the formation of lateral rhizoid from 
the protonema. It is possible to assume that the formation of lateral rhizoid from 
the protonema is different from that of rhizoid from the spore in respect to the 
morphogenetic factor. NAA induces not only the swelling of rhizoid, but also of 
protonematic cells. Thereore, the growth and arrangement of protonematic cells are 


very irregular. The division axis of protonematic cells also varies in its pattern. 


bic 


Fig. 4a-h. Abnormally branching rhizoids and rhizoidal protonemata induced by 
colchicine. a-d, ramification of rhizoids. e, swelling of rhizoid. f, rhizoid 
formation from the rhizoidal protonema.  g, ramification of rhizoidal protonema. 
h, ramified rhizoidal protonema and protonema appearing from the exine membrane 
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II. The effects of colchicine 

The author (4) described previously that the Equisetum spore cultured on a 
medium containing a large quantity of colchicine develops into a giant globe of 
about 10 to 15 times its normal volume, cell division being perfectly inhibited, and 
that cell-differentiation does not eventually occur. It is thus clear that colchicine 
acts not only as a polyploid inducer, but also as an effective modifier of rhizoid- 
differentiation and morphogenesis. In the case of Dryopteris spores, the rhizoids 
are always capable of differentiating, even in higher concentrations of colchcine. 
The rhizoidal protonema occurs in a higher frequency. The rhizoidal protonema 
is more lanky and longer containing less chloroplasts than normal protonema (5). 
This phenomenon was also observed in the medium containing tryptophane. Rami- 
fication of rhizoids is another effect of colchicine. Some photomicrographs (Fig. 4) 
show the germinating spores affected by colchicine. Figure 4a-d represent the 
typical ramifiication of rhizoids, 4e swelling rhizoid, 4f rhizoid formation of the 
rhizoidal protonema, 4g ramified rhizoidal protonema, and 4h the spore with a pro- 
tonematic cell which emerges from the exine membrane and is exhibiting a chara- 
cteristic state of ramified rhizoidal protonema. More detailed studies on the rami- 
fication of rhizoid induced by colchicine were reported previously (6). 


Discussion 


According to Bloch (1, 2), cell-differentiation is determined by two major ways; 
one of these is the ability of specific internal and external environmental conditions 
eliciting a particular path of differentiation from previously undifferentiated, toti- 
potent cells. The other type of differentiation is determined at a given cell division 
and a new characteristic then persists through subsequent cell division without 
apparent dependence on a specific environment. An example of the latter type is 
found in the case of rhizoid formation in ferns. The differentiation of cells in the 
meristem of Ricinus into secretory idioblasts has been described by Bloch (2). The 
first division causes an undifferentiated cell to divide into two unlike daughters, the 
one containing a red pigment, tannin and unsaturated fats, and other lacking detec- 
table amounts of these substances. The pigmented daughter cell produces also a 
row of pigmented cell; the colourless daughter cell gives rise to a row of cells, all 
of which are also pigmented. In ferns the daughter cell originating at the pole of 
the mother cell rich in protoplasm is characterized by its larger size and an in- 
creased power of differentiation, i.e., a capability of more active nuclear division. 

Jacobs (3) reported that auxin controls the rhizoid formation in Bryopsis. The 
author obtained similar results in the germinating spore of Equisetum treated by 
IAA. In Dryopteris, IAA induces without exception the rhizoid to develop, causing 
it to swell. NAA inhibits frequently the rhizoid formation form the spore, but 
promotes the formation of lateral rhizoids. On the other hand, in Osmunda NAA 
prevents the rhizoid formation from both the spore and protonema. Therefore, the 
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action of auxin varies greatly according to the spore’s condition in the different 
species and even in one and the same species used as an experimental material. 
General aspects of colchicine effect of fern prothallia are not touched in the present 
paper. 


Summary 


The effects of naphthalene acetic acid and colchicine on the rhizoid formation 
in Dryopteris spore were described. The results obtained are summarized as follows: 

1. In contrast with the case of Equisetum spore, the formation of rhizoid is 
prevented greaty in the medium containing NAA. ‘That is, NAA-treatment of the 
germinating spores prevents the formation of rhizoid from the spore, but rather 
promotes it from the protonema. 

2. The position of the rhizoid initiation is very irregular in the spore cultured 
in the medium containing NAA. 

3. The frequency of occurrence of the rhizoidal protonema is higher in the 
case of the colchicine treatment. 


The author wishes to express his hearty thanks to Prof. T. Shimamura who 
kindly examined the manuscript of the present paper. 
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Introduction 


Most of recent studies on light effects upon germination of seeds are those for 
light sensitive seeds. Especially, a recent brilliant achievement by Borthwick on 
seed germination of Lactuca” and Lepidium®, which are light seeds, indicates the 
identity of the mechanism of light response in several forms of plant development, 
e.g., seed germination, flowering reduction and de-etiolation. 

There are not so many studies on seed germination of light inhibited seeds 
(dark seeds), especially on its mechanism of photoresponse. Meischke» studied 
on action spectrum of seed germination and recognized that seeds could be classi- 
fied into light seeds and dark seeds according to the quantitative difference of 
two kinds of pigment, one of which absorbs inhibitory wave-lengths and the other, 
promotive wave-lengths. More recently, Biinning’’ pointed out the presence of the 
effective intermediary dark period detween two irradiation periods. 

Jones ane Bailey” reported that Lamium was a kind of light inhibited seeds, 
and in them as in Lepidium seeds, there was photoreversibility of light res- 
ponse to red (promotive) and to far-red (inhibitive) radiation. ‘They also reported 
that the germination of Lamium seeds was prevented by radiation of wave-length 
of 3600 A. 

The author of the present report studied on germination response of Nigella 
seeds, a typical dark seed, to light and temperature, and recognized that there were 
three separately acting factors in such response which affected germination of seeds. 
They were: 

(1) Inhibitory response to high intensity of light. 

(2) Promoting response to low intensity of light. 

(3) Response to high temperature. 


Methods and Material 


The method of seed treatments before and after irradiation and the methods of 
irradiation and alternation in temperature, employed in these experiments were 
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much the same as those used in the experiments with Epilobium®. 

0.7~0.8 % agar-solution was poured into the Petri dishes of 6.5cm. diamter by 
some 10 c.c. each. On to the solidified surface, a little water was added, and. 100 
seeds were disseminated into each Petri dish, which was immediately covered with 
thick black paper and entered into a fixed-temprature cabinet. Temperature was 
usually controlled at 15°C except when it was changed specially at 0°C or 30°C 
under the experimental necessity, for 10°~15°C is most favorable for the germi- 
nation of Nigella seeds. 

Matsuda’s incandescent-filament lamps of 20, 60, and 200 watt were used as 
radiation sources for the experiments at temperatures of 0°, 15°, and 30°C, respec- 
tively. 

Experiments at 15° C were made in a room which was usually controlled at. a 
constant temperature. Experiments at 30°C were performed in a radiation box 
maintained at a fixed temperature, and those at 0°C in an electrical refrigerator 
with a radiation equipment. Light intensity was altered by changing a distance from 
a light source to an irradiated Petri dish and measured by illuminometer to be fixed 
at a definite intensity. 

The calculating method of germination rates in the present experiment was 
changed from the previous method the author used in Nicotiana and Epilobium, 
etc. In the present experiments, germinated seeds were counted on the nineth day 
from the dissemination (nine days’ period is long enough to germinate) and the 
germination rates were calculated, while in all the previous experiments, germi- 
nation counts were made on a certain days after the last irradiation, regardless of 
disseminating time. The obtained germination rates were compared with the rate 
in continuous dark at 15°C. If the result was higher, it was regarded as “ pro- 
moted rate”, and if lower, “inhibited rate”. The average rate of three Petri 
dish belonging to the same experimental group was considered to be the germina- 
tion rate of the group. The same experiment was made over again or several 
times, so as to make the results reliable. 

These data were compiled from the results of about 200 experiments, which 
were made during the period from Nov., 1955 to Feb., 1957. 

Employed seeds were planted in Nagano Pref. by Daiichi Engei Co., Ltd. of 
Shibuya, Tokyo, and they were harvested in Oct., 1955 and in the next year’s late 


October. 


Results 


Time of inhibition till the first irradiation or till the temperature change was 
indicated by the number of hours and referred to as “Dp;—hrs”, in the present 
report. |“ 

(1) Light-sensitivity curve: 

Seeds subjected to Dp; 0, 6, 12, 24, 36, 48, 60, and 72 hrs each were exposed. to 
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Fig. 1. Light-sensitivity curves, exposed to 103 lux for 1 
min. and 3 hrs. seeds were exposed to 
very short time (1 
min.) irradiation, their germination rates were promoted in the region of Dp; 3 
hrs to Dp; 72 hrs, a peak point having been marked at Dp; 18 hrs; in these 
cases, promoted rates were obtained, compared with the rate in continuous dark- 
ness (57%). 

(ii) When, however, the same seeds were subjected to long time exposure to 
light for 3 hrs, the germination rates were inhibited progressively as the number 
of Dp; hrs advances, though it was promoted in Dp;0~6 hrs. The inhibiting effect 
_was marked most re- 
ES markably at Dp ;30 ~36 
80 hrs, and this effect 

gradually lessened as 


the number of Dp; hrs 
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(2) Promoting ef- 
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radiation: 
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1 min.) of 10, 102 103 
and 10! lux, respec- 


tively. The light 
sensitivity curves 
showed about the 


same tendency irre- 
spective of light in- 
tensities. (See Fig. 2) 

Then, the light- 
sensitivity curve of 
10° lux 1 min. irra- 
diation at 0°C was 
compared with the 
curve at 15°C under 
the same _ intensity 
of irradiation. The 
1 min. irradiation 
at 0°C was = spe- 
cially performed just 
in the middle of the 
one hour period at 
0° C. As illustrated 
in Fig. 3, these two 
curves moved in al- 
most the same way. 
Furthermore, it was 
observed that the 
germination rate of 
the seeds held for 
one hour at 0°C 
after each Dp; hrs 
was not at all differ- 
ent from the rates 
of seeds placed in 
continuous darkness 
at. 15°C. a esse 

(3) Inhibitory ef- 
fect of 
irradiation : 
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Fig. 3. Light-sensitivity curves of 103 lux+l min. irradiation at 
0°C and 15°C, 
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Fig. 4. Light-sensitivity curves, exposed to 103 lux for 3, 6, 12 
and 24 hrs. 


268 ii mw x MR WOES 8831s a 32 #9 A 


increased with lengthening of irradiating period, if light intensity was not changed 
at 103 lux, as shown in Fig. 4. (24 hrs irradiated most sufficiently). And in any 
irradiating time, the lowest germination was obtained with Dp; 30~36 hrs. Next, 
irradiating time was fixed at 12 hrs and light intensity was varied. In this case, 
the higher intensity was given, the larger inhibitive trend appeared. 

(4) Influence of high temperature (30°C): 

The germination rates of seeds placed in continuous darkness on beds which 
were maintained at 20°, 25° and 30°C were 38, 19, and 0 % respectively. But, as 
period at 30°C was shorten, inhibitory degree was reduced. When germination beds 
were placed at 30°C for 3 to 6 hours, germination was prevented to a certain 
degree if seeds were subjected to Dp; 0~24 hrs, but with Dp ; 24~72 hrs, germination 
was promoted to some extent. 

Generally, with small numbers of Dp; hrs, high temperature suppressed germina- 
tion, with Dp; 36~60 hrs, it promoted, and with Dp; 72 hrs and over, influence of 
high temperature was not seen. (See Fig. 5) 


Germination rates (%) 


12 24 36 48 60 72 84 hrs. 
Dp 


Fig. 5. Germination rates of seeds placed at 30°C for 3, 6, 12 
and 24 hrs. 
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(5) Combination of short time irradiation and high temperature: 
When short-time irradiation (103 lux +1 min.) was given to the seeds in the 


middle of the period placing at high temperature (30°C x6 hrs), the highest germi- 
nation rate was attained. (See Fig. 6) 


90 


80 


70 


60 


Germination rate (%) 
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13 24 36 48 60 72 hrs 
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Fig, 6. (A) Germination rates obtained by the tempera- 
ture change (30°C, 6 hrs); (B) light-sensitivity curve of 103 
luxel min., irradiation only; (C) light-sensitivity curve of 103 
luxel min., irradiation given in the middle of high-tempe- 
rature (at 30°C for 6 hrs). 


The germination rate for each Dp; hrs of the seeds held at high temperature 
and exposed to short time irradiation is nearly equal to the sum of the germina- 
tion rate obtained by the temperature change in the respective Dp; hrs and the 
enhancement by the short time irradiation in Dp; 18 hrs. 

Next, the two germination promoting effect, i.e., short time irradiation (1 min.) 
and high temperature (3~6 hrs) treatment, were given separately. In this case, two 
different results were obtained according to the time of high temperature treatment. 

In case high temperature was given within 24 hrs from presoaking, the light- 
sensitivity curve from short time irradiation was formed in the lower side of and 
in parallel with the curve formed by the irradiation alone. The margin of the two 
curves means the prevention by high temperature. 

But, when the seeds which were presoaked for 30 hrs and over were laid at 
high temperature and irradiation was made prior to high temperature treatment, 
the highest germination rates were obtained in all cases. In the case of the seeds 
subjected to Dp; 30 hrs and over, short time irradiation gave no promoting effect 
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on germination, nevertheless, if those seeds were laid in high temperature after 
the irradiation, the highest germination rate was obtained. This rate is the sum of 
the maximum light sensitivity and promotive effect by the temperature change. 
However, when the irradiation was made after the high temperature treatment, 
prohibitory effect of irradiation was not observed, and a favourable effect of tempera- 
ture change was recognized. 

(6) Long time irradiation during the period at high temperature : 

When long time irradiation and high temperature treatment were performed 
separately, strong prohibitory effect was produced in each case. This suggested 
that much higher prohibitive effect could develop if the above mentioned two pro- 
hibitive treatments were taken place at a time. Contrary to this expectation, how- 
ever, long time irradiation during the period at high temperature proved to be less 
prohibitive than each of the above treatment performed separately. 

This is explained as 
Actual germ. below. The germination 


%) 
rate obtained from long 


iia F ae time irradiation performed 

aes Aye oe together with high tempe- 

a oe O87 rature treatment is about 

37.7 the same as the rate at 

& 66.3 continuous darkness minus 

feast ee 65.0 inhibitory rates, resulting 

eS oo 50.7 separately from high tem- 
Rrmeronuminaromc 29.0 perature treatments and 

from irradiation, plus pro- 

24 36 48 hrs motive rate by weak of 
Dp high temperature. (See 

Diagram 1). In other 

e 1 min. (103 lux) irradiation. words, the germination 
eee «= 12 hrs irradiation. rate resulting from long 
. Waa 30°C temperature treatment. time irradiation at high 
Controlicontinious darkis ass sen ens ee 51.0 temperature is considered 


Diagram 1. Germination rates of seeds exposed to irradi- recent Weld sae aaa 
ation at 30°C. of responses to each sepa- 
rate treatment, namely, 
inhibitory response to long time irradiation, temperature response (also inhibitory) 
and promotive response to short time irradiation. 
| To sum up, each of these three factors Ginhibitory effect of long time irradia- 
tion—high intensity process, promotive effect of short time irradiation—low intensity 


prosess, and effect of high temperature) exists and acts individually of others. 
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(7) Individuality or three processes 


To assure this, the following experiments were performed. 


(a) Combination of long time, high temperature treatment Cinhibitory 
effect) and short time irradiation during the period placing at high 
temperature (promotive effect): (See Diagram 2-A) 

The theoretical germination rate is calculated from the rate in continuous dark- 
ness (61%), deducted inhibitory rate (—31%) and added promotive rate (+19%). 
And you can see the calculated figure (39%) was much the same as the actual 
figure (45%). 

(b) Combination of long time irradiation having inhibitory effect and weak 
irradiation under high temperature (this has promotive effect); (See 
Diagram 2-B) 

In this case, actual rate figure, 42% was approximately the same as the calculated 

or theoretical figure 44%. 

The short time promotive irradiation was performed in two different ways 
this time, i.e., before and after the long time inhibitive irradiation, and in both 
cases, much the same results were obtained. 

(c) Combination of short time promotive irradiation and long time in- 

hibitory irradiation: 

In Diagram 2-C, it can be clearly seen that promotive effect of short time 
irradiation and inhibitive effect of long time irradiation exist and act separately 
even in the case when these two kinds of irradiation were made at interval of 
three hours between them, and this is quite the same at interval of 30 hrs. 

(d) In case 103 luxe24hrs irradiation was given immediately after the presoaking, 
very strong inhibition approximating to so-called “Lichthart” was observed. But, 
when temperature of 30°C for 6 hrs was given, 20% increase of rate was obtained. 
This increase may be regarded as promotive rate by high temperature response 
after short time irradiation. 
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Next, in case seeds were being placed at 30°C for 24 hrs, germination was 
almost completely hindered. But, if short time irradiation was given immediately 
after the period at 30°C or if short time irradiation at high temperature was 
supplied after some time from the first period at high temperature (30°C), the 
germination rate showed an increase of 10~20%. (See Diagran 2-D). 
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Diagram 2. Germination rates of two times treatments. 


All these experiments show the fact that irradiation and high temperature give 
their individual effect on germination in different ways. 
Ce) In case long time irradiation was given at 0°C, inhibitory effect of strong 


irradiation stopped, and promotion be weak irradiation appeared regardless of tem- 
perature. (See Diagram 3). 
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This suggests that during long time irradiation, response to low intensity of 
light was acting simultaneously with the effect of long time irradiation. 


—— 64.5 

C 65.8 
Esmee 30.5 
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12 24 36 hrs. 


eT | 0°C. treatment, 
Diagram 3. Germination rates of seeds exposed to irradiation at 0° C 


(8) Action spectrum 

Influence of wave length on germination varies according to duration of inhibi- 
tion time. 

(A) With Dp;18 hrs: Red radiation (6400 A) for a to 6 hrs resulted in 
promotion of germination. Short time exposure to light of wave-length between 
4300 to 5400 A scarecely had an effect on germination, whereas exposure for 6 hrs 
to these wave-lengths stimulated the germination. In short, these wave-lengths and 
less promotive effect on germination thanred. Far-red irradiation for a to 6 hrs. 
had little effect. To sum up, only promoted effect could be seen in the case of Dp; 
18 hrs and under. 

(B) With Dp; 30 hrs: Exposure to red radiation for 7 to 3 hrs enhanced 
germination, but longer exposure reduced the promoting effect and the germination 
rates approached the rate in continuous dark. Exposure to radiant energy in the 
region of 4300 to 5400 A for short time (3~12 hrs) had no effect, but longer radia- 
tion had promotive effect. Far-red irradiation for long time had an inhibitory effect. 
Therefore, germination limitation by long time exposure to light from an incandes- 
cent lamp could be identified with an inhibitory effect of far-red radiant energy. 

(C) Reversible relation between red energy and infrared energy could not be 


seen. 


Discussion 


Light sensitivity curve formed by short time irradiation showed maximum point 
at Dp; 18 hrs Cunder 15°C). Under 100~10000 luxe] min. light quantity, about the 
same result was obtained. And, this movement of curve did not change in an irra- 
diation under 0°C. From these results, the enhancement of germination by short 
time irradiation can be considered a pure photochemical reaction to low light in- 
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tensity. This weak light reaction did not need an effect of separate twice irradi- 
ation, i-e., an existence of an effective dark period between two light periods. 

Then, the optimum germination rate was obtained by placing seeds at high 
temperature immediately after exposure to weak (short time) irradiation. This led 
to a further assumption of existence of a labile fraction in the series of a photo- 
chemical response, which resulted in the enhancement of germination by high tem- 
perature. This has already been observed by Borthwick in Lepidium, 

Quite regardless of this promotive response to weak light or far-red radiant 
energy, there is an inhibitory response to long time exposure to strong irradiation. 
This inhibitory response showed its maximum around Dp; 30 hrs, which was 12 
hours later than the optimum point of weak light response. This inhibitive effect 
could not be observed with an irradiation at 0°C. Therefore, it could be guessed 
that this responsive series was not a mere photochemical reaction but a more com- 
plicated series of enzymatic reaction. 

It could be cleared that a germination rate resulting from irradiation for long 
time at high temperature is a total sum of three separate factors, i.e., inhibited 
rates by long time irradiation and by placing at high temperature and a promoted 
rate by weak irradiation at high temperature. 

Furthermore, three combination tests were performed, i.e., strong irradiation 
and weak irradiation; high temperature and weak irradiation; high temperature 
and strong irradiation. All the results proved the about assumption to be true. 

Reversible relation between promotive red and inhibitive far-red radiant energy, 
which was observed by Borthwick in Lepidium and by Jones and Bailey in Lamium, 
could not be recognised by the author in Nigella both in weak light response and 
in strong light response. 

As for effectiveness of intermediary dark period between two inhibitory irradia- 
tions reported by Bunning, no affirmative result was obtained by the author. 


Summary 


Interaction of light and temperature in germination of Nigella, typical light 
inhibited seeds, was investigated according to variation of presoaking time repre- 
sented by number of Dp; hours. And the following results were obtained. 

1. It was confirmed that germination promoting response to weak light and in- 
hibiting response to strong light, exist individually. 

2. Seed’s response to weak promotive light at 15°C marked maximum sensi- 
tivity at Dp; 18 hrs. This is a pure photochemical reaction to weak light (6103 
MKS), in which there is a fraction acting more promotively by high temperature 
after irradiation. 

3. No reversible relation between red and far-red was observed in Nigella’s 


weak-light response, though it was proved by Brothwick in Lepidium and considered 
to be a general nature of weak light response. 
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4. Inhibitive response to long time irradiation, which appears most remarkably 
at DP; 30 hrs meant inhibitory response to far-red radiant energy. This inhibitory 
effect becomes null at 0°C. Then, this has not been regarded as a mere photo- 
chemical raction but a more complicated enzymatic reaction. 

5. Response to high temperature also exists separately from light response. It 
prevented germination strongly in earlier Dp; hrs. But, in Dp; 24~60 hrs, com- 
paratively short time (3~6 hrs) exposure to high temperature brought about 10 % 
increase of germination rate. 

6. The germination rate obtained from simultaneously exposure to light and 
high temperature, was equal to a total sum rate of (1) effect of high temperature 
(temperature reaction), (2) inhibited rate of inhibitory response to long time irradi- 
ation, and (3) promoted rate by exposure to weak light (short time radiation) at 
high temperature, added to (4) the germination rate in continuous darkness. 

7. It has been clarified that each of three factors (weak-light response, strong 
light response and temperature response) exists separately from the other two 
factors. 
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Some algae of Trentepohliaceae, a family of aeriale Chlorophyte, are terrestrial, 
endophytic or epiphytic. The characteristic orange-red color of this family is due 
to the usual presence of haematochrome dissolved in fat which is found in cells. 

According to the study of G. Karsten (1891) who worked out entirely on the 
group in early time, four genera viz. Tyentepohlia, Chroolepus, Cephaleuros and 
Phycopeltis are included in the Trentepohlieae (Chroolepida), the latter two genera 
being found always on leaves of phanerophyte all through the year. 

Cephaleuros virescens is parasitic and found usually on the upper surface of leaves 
occasionally on the lower surface, and seldom on the stem and fruits. The thallus 
of the alga is discoid and crusty, aud arises from radially several creeping threads 
which grow fuse and form a compact basal layer, between the cuticle and the epi- 
dermal cells of a leaf. Phycopeltis epiphyton is a small discoid epiphyte, forming a 
compact one-layered substratum on the upper surface of a leaf and is always ex- 
tracuticular. 

There were some confusions as to the scientific names for the algae in early 
time. The specific name of Cephaleuros virescens was given by Kunze in 1829, but 
Mycoidea parasitica D.D. Cunningham (1880) and Cephaleuryos mycoidea G. Karsten 
(1891) were used until Cunningham recognized again the Kunze’s name in 1897. 
Phycopeltis epiphyton was erected in 1870 by A. Millardet. But the alga was also 
called synominously Phyllactidium arundenaceum F. T. Kiitzing (1849) or Phyllactidium 
tropicum M. Mobius (1888) until A. V. Jenning revised the genus in 1896. 

In India, Cephaleuros is known to cause a serious damage, the so-called Red Rust, 
of tea plants. H.H. Mann and C.M. Hutchinson (1907) said that Cephaleuros began 
to attract attention since about 1880 as a causer of “ White Blight”, a disadvantage- 
ous disease of tea and other useful tropical plants. Heretofore, no one denoted an 
evident damage of useful plants by epiphytic Phycopeltis, but it seems that the alga 
prevents the green plants from sound assimilation because small specks of Phyco- 
peltis cover the surface of leaves and hinder direct sun-shine. 
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In countries especially in tropical or subtropical regions, as India, Ceylon, Java, 
Brasil and also Florida (U.S. A.) these algae are widely known. And many investi- 
gators wrote reports on the subjects of life-history, distribution, damages on useful 
plants and practical methods of prevention, of the algae, and lists of infected plants 
by the algae. 

In Japan, the algae is also distributed very widely, however they were remained 
almost untouched. Merely in some practical books of tea we found descriptions of 
at most a few lines on “Siromo-byo”, the disease of tea plants caused by Cepha- 
leuvos. In 1926, Hans Molisch reported botanically for the first time on these algae 
in Japan with a list of infected plants. After that, the writer noted some addition- 
al list of such plants preliminarily in 1950. 

In this paper, the writer wishes to list all hitherto known infected plants by 
the algae, adding newly found species since 1950 from Japan by him. 


List of plants infected by Cephaleuros virescens 


Name Locality Observer 
Pteridophyta India Cunningham, D.D. 1880** 
Cyclophorus lingua Japan (Honsyu) Suématu, S. 1950 
Polypodium hastatum Japan (Honsyu) Suématu, S. 1950 
Gymnospermae 
Torreya nucifera Japan (Honsyu, Kiusyu) Molisch, H. 1926 
Podocarpus chinensis Japan (Honsyu) Suématu, S. 1950 
Angiospermae 
Pandanus sp. India (North-eastern dist.) Karsten, G. 1891** 
Calathea metallica India (North-eastern dist.) Karsten, G. 1891** 
Piper Fuiokadzura Japan (Honsyu, Kiusyu) Molisch, H. 1926 
Myrica rubra Japan (Honsyu) Suématu, S. 1950 
Quercus phylliracoides Japan (Honsyu) Suématu, S. 1950 
Q. gilva Japan (Honsyu) Suématu, S. 1950 
Q. glauca Japan (Honsyu) Suématu, S. 1950 
Q. myrsinaefolia Japan (Honsyu, Kiusyu) Molisch, H. 1926 
" " Japan (Honsyu) Suématu, S. 1950 
Pasania cuspidata Japan (Honsyu, Kiusyu) Molisch, H. 1926 
Shiia Sieboldii Japan (Honsyu) Suématu, S. 1950 
Celtis sinensis var. japonica Japan (Honsyu) Suématu, S. 1950 
Ficus nipponica Japan (Honsyu, Kiusyu) Molisch, H. 1926 
" ” Japan (Honsyu) Suématu, S. 1950 
F. erecta Japan (Honsyu) Suématu, S.* 
F. Wightiana _ Japan (Honsyu) Snématu, S.* 


Helicia cochinchinensis Japan (Honsyu) Suématu, S.* 
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Akebia trifoliata 
Stauntonia hexaphylla 
Menispermum dauricum 
Magnolia grandiflora 

" ” 
Illicium religiosum 
Kadsura japonica 
Cinnamomum japonicum 
C. Camphora 
C. iners. 
toe 


Litsea glauca 

Machilus Thunbergi 
Actinodaphne acuminata 
Distylium racemosum 
Photinia glabra 

Albizzia stipulata 


Tephrosia candida 


Citrus sp. 


Croton sp. 
Rhus silvestris 
Mangifera indica 


Ilex Oldhami 

I. latifolia 

I. rotunda 

I. integra 
Turpinia pomifera 
Zizyphus jujuba 
Thea sinensis 


Japan (Honsyu) 

Japan (Honsyu) 

Japan (Honsyu) 

Japan (Honsyu, Kiusyu) 
Japan (Honsyu) 

Japan (Honsyu) 

Japan (Honsyu) 

Japan (Honsyu) 

Japan (Honsyu, Kiusyu) 
India 

India (North-eastern dist.) 


Japan (Honsyu) 

Japan (Honsyu, Kiusyu) 
Japan (Honsyu, Kiusyu) 
Japan (Honsyu, Kiusyu) 
Japan (Honsyu) 

India (North-eastern dist.) 


India (North-eastern dist.) 
Florida (U.S. A.) 


Florida (U.S. A.) 

Florida (U.S. A.) 

India 

Japan (Honsyu) 

India 

India (North-eastern dist.) 
India (Central-southern dist.) 


Ceylon 

Japan (Honsyu) 

Japan (Honsyu) 

Japan (Honsyu) 

Japan (Honsyu) 

Japan (Honsyu, Kiusyu) 
India (North-eastern dist.) 
Ceylon 


India 


India (North-eastern dist.) 
India (Central-southern dist.) 


Japan (Honsyu, Kiusyu) 
Japan (Honsyu) 
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Suématu, S. 1950 
Suématu, S.* 

Suématu, S. 1950 
Molisch, H. 1926 
Suématu, S. 1950 
Suématu, S. 1950 
Suématu, S. 1950 
Suématu, S. 1950 
Molisch, H. 1926 
Cunningham, D.D. 


Mann, H.H. & 
Hutchinson, C.M. 1907 


Suématu, S. 1950 
Molisch, H. 1926 
Molisch, H. 1926 
Molisch, H. 1926 
Suématu, S.* 


Mann, H.H. & 
Hutchinson, C.M. 1907 


Molisch, H. 1926 


Wolf, F.A. 1930 
(cf. Fritsch 1935) 


Suit, R.F. 1949*** 

Knorr, L.C. 1950*** 
Cunningham, D.D. 1880** 
Suématu, S.* 

Cunningham, D.D. 1880** 
Butler, E.J. 1906** 


Safeeulla, K.M. & 
Govindu, H.C. 1948*** 


Ward, H.M. 1884** 


Suématu, S.* 


1887** 


Suématu, S.* 
Suématu, S * 
Suématu, S.* 
Molisch, H. 1926 
Karsten, G. 1891** 
Ward, H.M. 1884** 
Cunningham, D. D.** 
1880, 1887, 1897. 


Mann, H.H. & 
Hutchinson, C.M. 1907 


Safeeulla, K.M. & 
Govindu, H.C. 1948*** 


Molisch. H. 1926 
Suématu, S. 1950 
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Cleyera ochnacea Japan (Honsyu, Kiusyu) Molisch, H. 1926 
” ” Japan (Honsyu) Suématu, S. 1950 
Eurya japonica Japan (Honsyu, Kiusyu) Molisch, H. 1926 
" ” Japan (Honsyu) Suématu, S. 1950 
Camellia japonica India Cunningham, D.D. 1887** 
” " India (North-eastern dist.) Mann, H.H. & 
Hutchinson, C.M. 1907 
” " India (Central-southern dist.) Safeeulla, K.M. & 
Govindu, H.C. 1948*** 
” " Japan CHonsyu, Kiusyu) Molisch, H. 1926 
” " Japan (Honsyu) Suématu, S. 1950 
C. sasanqua Japan (Honsyu) Suématu, S. 1950 
Ternstroemia japonica Japan (Honsyu) Suématu, S. 1950 
Xylosma Apactis Japan (Hensyu) Suématu, S. 1950 
Daphne kiusiana Japan (Honsyu) Suématu, S. 1950 
Meliosma rigida Japan (Honsyu) Suématu, S,* 
Psidium Guayava India (North-eastern dist.) Yadva, A.S. 19527*** 
Jambosa vulgaris India (Central-southern dist.) Safeeulla, K.M. & 
Govindu, H.C. 19i8*** 
Schefflera octophylla Japan (Honsyu, Kiusyu) Molisch, H. 1926 
Aucuba japonica Japan (Honsyu) Suématu, S. 1950 
Rhododendron sp. India Cunningham, D.D. 1880** 
” ” Japan (Honsyu, Kiusyu) ' Molisch, H. 1926 
Erkianthus perulatus Japan (Honsyu) Suématu, S. 1950 
Rapanaea neriifolia Japan (Honsyu) Suématu, S.* 
Symplocos glauca Japan (Honsyu) Suématu, S. 1950 
Osmanthus ilicifolius Japan (Honsyu) Suématu, S. 1950 
Ligustrum medium Japan (Honsyu, Kiusyu) Molisch, H. 1926 
Limnanthemum indicum India Cunningham, D.D. 1887** 
Trachelospermum asiaticum Japan (Honsyu) Suématu, S. 1950 
Anodendron affine Japan (Honsyu) Suématu, S.* 
Coffea liverica Ceylon Ward, H.M. 1884** 
Viburnum odoratissimum Japan (Honsyu, Kiusyu) Molisch, H, 1926 
V. dilatatum Japan (Honsyu) Suématu, S. 1950 
Notes: » Species newly found since 1950. 
ae cf. H.H. Mann and Hutchinson C.M. 1907. 


seh cf. Biological Abstracts. 
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List of plants infected by Phycopeltis epiphyton 
Name Locality Observer 
Bryophyta 
Leskea Europe Molisch, H. 1926 
Rhizogonium Dazyanum Japan (Honsyu, Kiusyu) Molisch, H. 1926 
Pteridophyta 
Lycopodium serratum Japan (Honsyu, Kiusyu) Molisch, H. 1926 
Drymoglossum microphylum Japan (Honsyu) Suématu, S, 1950 
Polypodium falcatum Japan (Honsyu, Kiusyu) Molisch, H. 1926 
Lomaria nipponica Japan (Honsyu, Kiusyu) Molisch, H. 1926 
Gymnospermae 
Torreya nucifera Japan (Honsyu) Suématu, S.* 
Cephalotaxus drupacea Japan (Honsyu) Suématu, S.* 
Abies firma Japan (Honsyu) Suématu, S.* 
A, sp. Europe Molisch, H. 1926 
A. sp. Europe Fritsch, F.E. 1935 
Cryptomeria japonica Japan (Honsyu) Suématu, S.* 
Chamaecyparis obtusa Japan (Honsyu) Suématu S.* 
Angiospermae 


Saccolabium Matsuran 
Sarcochilus japonicus 
Piper Futokadzura 
Pasania sp. 
Ficus nipponica 
Litsea japonica 
Rubus sp. 

” ” 
Ilex integra 
I. latifolia 
Camellia japonica 

7] ” 

Cleyera ochnacea 
Eurya japonica 
Elaeagnus pungens 
Hedera sp. 
Aucuba japonica 


Maesa japonica 


Trachelospermum asiaticum 


Callicarpa japonica 


Note: = 


Japan (Honsyu, Kiusyu) 
Japan (Honsyu, Kiusyu) 
Japan (Honsyu) 

Japan (Honsyu, Kiusyu) 
Japan (Honsyu) 

Japan (Honsyu, Kiusyu) 
Europe (North dist.) 
Europe 

Japan (Honsyu) 

Japan (Honsyu) 

Japan (Honsyu, Kiusyu) 
Japan (Honsyu) 

Japan (Honsyu) 

Japan (Honsyu) 

Japan (Honsyu) 

Europe 

Japan (Honsyu, Kiusyu) 
Japan (Honsyu) 

Japan (Honsyu) 

Japan (Honsyu) 


Species newly found since 1950 


Molisch, H. 1926 
Molisch, H. 1926 
Suématu, S.* 
Molisch, H. 1926 
Suématu, S. 1950 
Molisch, H. 1926 
Molisch, H. 1926 
Fritsch, F.E. 1985 
Suématu, S.* 
Suématu, S3* 
Molisch, H. 1926 
Suématu, S. 1950 
Suématu, S. 1950 
Suématu, S.* 
Suématu, S.* 
Fritsch, F.E. 1935 
Molisch, H. 1926 
Suématu, S.* 
Suématu, S. 1950 


Suématu, S.* 
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Abhandlungen der Senckenbergischen 
Naturforschenden Gesellschaft 449 
(1931), 451 (1940) 

Academia de Ciencies i Arts Nomina 
del Personal Academico 1930-1931— 
1935-1936 [1931—1933) 

Acta Agrobotanica 1(1953) 

Acta Biologica Academiae Scientiarum 
Hungaricae 4(1-2, 3-4) (1953), 5(1-2, 
3-4) (1954), Acta Botanica Academiae 
Scientiarum Hungaricae (new series) 
1(1-2, 3-4) (1955), 2(1-2, 3-4) (1956) 

Acta Botanica Academiae Scientiarum 
Hungaricae see Acta Biologica Aca- 
demiae Scientiarum Hungaricae 

Acta Botanica Bohemica 9(1930), 10 
(1931) 


Acta Botanica Instituti Botanici Univer- 


sitatis Zagrebensis 1(1925), 2(1927) 
*Acta Botanica Sinica 5(2) (1956) 

Acta Horti Bergiani 17(7) (1953) 

Acta Horti Botanici Universitatis Latvi- 
ensis 1(1926)—12(1939 ) 

*Acta Horti Gotoburgensis 1(1924), 15 
1942~'44)—20( 1956) C18(1948~'53)) 

Acta Horti Petropolitani 34(2) (1928), 
37( 1924), 38(1) (1925), 39(1) (1926), 40 
C1, 2,3) (1927), 41¢1, 2) (1928), 42(1) 
(1929), 43¢1) (1930) 

Acta Instituti Bontanici Academiae Sci- 
entiarum Unionis Rerum Publicarum 
Soveticarum Socialisticarum ser. 2 
Plantae Cryptogamae (3) (1936), ser. 3 
Geobotanica (3) (1936), ser. 4 Bota- 
nica Experimentalis (2) (1936), ser. 5 
Materiae Rudes Plantarum (1) (1938) 
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Acta Instituti et Horti Botanici Uni- 
versitatis Tartuensis 1(1926-1928)—6 
(1) (1938) 

*Acta Phytogeographica Suecica 1 
(1929), 2(1931), 4-11(1934-1939), 35 
(1955), 36(1955), 37(1957), 38(1957) 

*Acta Societatis Botanicorum Poloniae 
1¢1923)—25( 1956) (16(1939)) 

Acta Universitatis Asiae Mediae ser. 
7a Geologia 1-12(1928), 13-16(1929), 
ser. 7d Pedologia 1(1930)—4 (1935), 
ser. 8a Zoologia 1(1927)—29(1937), 
90( 1938 )—54(1938), ser. 8b Botanica 
1(1928)—35( 1937) €16(1933), 24(1935), 
26(1935 )—28(1935)), ser. 8c Oekologia 
1—2(1933), ser. 10 Agricultura 1-2 
(1929), ser. 12a Geographia 1(1928)— 
17(1938) 

Agricultural College & Research In- 
stitute in Mysore Entomology Series 
Bulletin 14(1948) 

Agricultural Experiment Station Kansas 
State Agricultural College 
Biennial Report of the Director 5 
(1928~/30) —9( 1936-38) 

*Bulletin 229(1922)—379(1956) [291 
(1940), 292(1940), 299(1942)-325(1945), 
338(1950), 342(1950), 354(1952), 358 
(1953) 

*Circular 73(1919 )—329(1955) (75 
(1919), 87(1921), 91(1921), 94(1922), 96 
(1922), 173(1934), 182(1937), 186(1937), 
189-190(1938), 202(1941), 203(1941), 
209(1941)-228(1945), 232(1945), 236 
(1946), 259(1950), 2651950), 2691951), 
27001951), 273(1951), 276(1951), 278 
(1951), 279 (1951), 282-283(1952), 288 
-291(1952), 293-294(1952), 322(1955)) 
Director’s Report 1913—1928 [1915- 
1919) 

*Technical Bulletin 6(1920)—79(1955 ) 
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(36(1933)-37(1934), 51(1941)-59(1946)} 

Agricultural Experiment Station of the 
University of Wisconsin. Annual Re- 
port 22(1905) 

Agricultural Gazette of Canada 7(1920) 
—11(1924) (9(1922), 11(1) (1924)} 

Agricultural Research Institute, Pusa 
Bulletin 4(1906)—23(1911) (€6(1907) 
—13(1908), 19-20(1910)} 

Agriculture and Animal Husbandry in 
India 1933—1938 

Allgemeine 
1899—1914 

American Botanist 3(1902)—47(1941) 
C3¢1-4) (1902), 20(1) (1914), 28(1922), 
46(1, 2) (1940)} 

American Journal of Botany 1(1914)— 
22( 1935) 

American Midland Naturalist 1(€1909- 
'10)—40(1948) (92) (1924), 28(1943), 
—35(1945), 37(1) (1946)) 

American Naturalist 50(1916)—55(1921) 
(54(633) (1920)) 

American Philosophical Society. Annual 
Report 1935, 1936 Year Book 1937— 
1941 

Anais da Primeira Reuniao Sul-Ameri- 
cana 1(1938) 

Anales del Museo de Historia Natural 
de Montevideo ser. 1 1(2-5) (1894), 
ser. 2 1(1911)—4(1936) 

Anexos das Memorias do Instituto de 
Butantan 1(1921-'22) 

Annalen der K.K. Naturhistorischen 

8(1893)—32(1918), 
Annalen des Naturhistorischen Mu- 
seums in Wien 33(1919)—50(1936) 
(35(1921), 36(1921)) 

Annalen des Naturhistorischen Mu- 


Botanische Zeitschrift 


Hofmuseums 


seums.in Wien see Annalen der K.K. 
Naturhistorischen Hofmuseums 
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Annales Bryologici 9(1935)—12(1939) 


Annales de 1’Institut Central Ampélo- 


logique Royal Hongrois 2(1911)—4 
(1913) 

Annales de I’Institut Oceanographique 
6(3) (1929) 

Annales d’Essais des Semences 5(1928) 
—7(1929) 


Annales du la Sociedad Cientifica Argen- 
tina 42(1896)—103(1927) (50(1900), 
52(1901), 78(1915)—86( 1918), 89(1919), 
91(1921)—93(1922)} 

Annales du Musée Congo Belge ser. 2 
1(1899-1900), ser.4 2(1) (1913), ser.5 
2(3) (1907-08), 3(1, 3) (1912) 

*Annales Scientifiques de l'Université de 
Besancon Botanique 6(2) (1951), 7(1) 
(1952), 8(1, 2, 3) (1953), 9(1—6) (1954) 

Annales Societatis Zoolog.-Botanicae 
Fennicae Vanamo 11(3,4) (1930), 15 
(1)(1931) 

Annali della Facolta di Agraria di Por- 
tici della Universita di Napori. Serie 
Terza 8(1936)—15(1946) [11(1940), 12 
(1941)) 

Annali della Regia Scuola Superiore de 
Agricoltura di Portici ser. 2 5(1904) 
—20( 1925) [17(1921)) ser. 3 1(1926)—7 
(1935) 

Annali della R. Stazione Chimico Agra- 
ria Sperimentale di Roma 
(1906-07 ) 

Annali di Botanica 1(1903)—24(1953) 
C16(2) (1924), 18(2) (1929), 22(2,3) 
(1940-50) 

*Annals of the Missouri Botanical Garden 
1(61914)—43(1956) .C10(1, 2,3) (1923), 
11(1924), 29(1942), 32(2) (1945), 36(4) 
(1949), 38(2, 4) (1951), 39(1) (1952)) 

Annuaire du Conservatoire et du Jardin 
Botaniques de 3(1899 )—21 


ser? 1 


Geneve 
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(1922). €8(1905), 12(1909)) 
Annual Administration Report of the 


Agricultural Department (India) 
1946-/47, 1948-'49 
Annual Report of Chicago Natural 


History Museum. Report of the Di- 
rector to the Board of Trustees for 
the Year 1947—1955 

*Annual Report of the Botanic Gardens 
Department 1954, 1955 

Annual Report of the Bureau of Agri- 
culture 22(1922)—27(1927) 

Annual Report of the Bureau of Science 
7(1908 )—32(1933 ) (20(1921 )—23(1924), 
25(1926))} 

Annual Report of the Experiment Sta- 
tion of the Kansas State Agricultural 
College 1895—1908 (1901-02) 

Annual. Report of the Imperial Depart- 
ment of Agriculture 1904-/05 see Re- 
port of the Agricultural Research In- 
stitute & College, Pusa 

Annual Report of the Smithsonian In- 
stitution 1896—1922 

Annuario del R. Istituto Botanico di 
Roma _ 1(1884)—10¢1900-'01) 

Arboretum Kérnickie Rocznik 1(1955) 

Archief vanhet Proefstation voor de Java 
Suikerindustrie see Archief voor de 

Suikerindustrie. in Nederlandsch- Indié 
Archief voor de Suikerindustrie in 
Nederlandsch-Indié. Mededeelingen 
van het Proefstation voor de Java- 
Suikerindustrie 1919—1921 €1921¢1)), 
Archief van het Proefstation voor 
de Java-Suikerindustrie | 1922—1932 
(1930), Proefstation voor de Java 
Suikerindustrie Mededeelingen 1933, 
1934, Archief voor de Java Suiker- 
industrie in Nederland en Neder- 
landsch-Indié 1940—1941 (1940(1, 2)} 
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Archives de l'Institut Botanique de 

[Universite de Liége  5(1914)—15 
(1938) [6(1915~27)) 

Archives de Physique Biologique 3 
Gi 252 C1924) 

Archivos de Botanica do Estado de S. 
Paulo. 1(1) (1925)—1(4)(1927) 

Archivos de la Escuela de Farmacia de 
la Facultad de Ciencias Medicas de 
Cordoba (R. A.) 2(1936), 7, 8(1938) 

*Archivos del Instituto de Aclimatacion 
1(1953)—4(1955) 

Archivos do Instituto Biologico de 
Defesa Agricolae Animal 2(1929), 3 
(1930) 

Archivos do Jardim Botanico do Rio 
De Janeiro 2(1917)—6(1933) 

Archivos do Muséu Nacional do Rio 
De Janeiro 20(1917)—39(1940) [(37— 
38(1934—’39) J 

*Arkiv f6r Botanik 4(15) (1905), 5(3) 
(1905), 5€11). (1906), 22(4).(1929), 23 
(1931)—27( 1935), 1(1-3) (1949), 1(5, 6) 
(1952), 2(1952-53), 3(1—4) (1956) 

Arquivos do Instituto de Biologia Vege- 
tabet Ge, 3) 1934); 2¢1,.2);.3Gl, 2), 4 
(1) (1938) 

Arquivos do Servico Florestal 1(1) 
(1939) 

Atti. dell Istituto Botanico dell ’Univer- 
sita di Pavia ser.2 2(1892), 7(1902), 10 
(1907)—13(1914), 15¢1918)—18(1921) 
ser. 3 1(1924)—3(1927), ser.4 1(1929) 
—-11(1939) [10¢1938)) 

Beitrage zur Geobotanischen Landes- 
aufnahme der Schweiz 3(1917)—28 
(1949) ([9—11(1921~28), 14(1925), 17 
(1931-/34), 24(1940)) ~ 

*Bergens Museums Aarbok 1910—1947, 
Universitetet i Bergen Arbok 1948— 
1993 
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*Bergens Museums Aarsberetning 1913-- 
1948 (1924-25) Universitetet i Bergen 
Arsberetning 1948—1950, Universitetet 
i Bergen Arsmelding 1950—1955 

*Berichte der Schweizerischen Rotani- 
schen Gesellschaft 10( 1900)—65 

(1955) (55(1945)) 

Berichte der Tomsker Staats Univer- 
sitat see Transactions of Tomsk 
State University 

Berichte tiber Land- und Forstwirtschaft 
in Deutsch-Ostafrika 1(1906)—3 

(1911) 
Bericht iiber den Botanischen Garten in 
Bern 1900—1921 (1915) 
Bibliographical Contributions from the 
Lloyd Library .1(1911-'14), 2(1914- 
16), 3(1916-'18) (166, 7, 8.10, 11, 12), 
2(10)] 

*Buoxumua 19(1954)—21(1956) (21(2,3)) 

*Biological Bulletin of the Marine Biolo- 
gical Laboratory 44(1923)—111(1955) 
(42(1, 2) (1932), 75(1) (1938), 8101941) 
—95(1948), 97(1949)—99(1950)) 

BioloSki Glasnik see Glasnik Bioloske 
Sekcije E 

*Blumea 1(¢4934~’35)—&(1) (1955) ([4(1) 
(1940), 6¢2) (1948~51)) 

Boissiera 1(1936)—7(1943) [3(1938)] 

*Boletim da Sociedade Broteriana 9 
(1891)—27(1917) (24(1909)). . COUR at 
INERRE) ser. 2a 3—9(1891), 25 
(1951)—30(1956) 

Boletim do ‘Museu Nacional do Rio 
De Janeiro 1(1925)—13(1937) (7(4) 
€1931)>861982),..9C1y:2:)'C1933)3 

Boletim Tecnico do Instituto Agrono- 
mico do Norte 10(1946)—30(1955) (23 
(1951), 26(1952)) 

Boletin de Fomento 1(10,11) (1911) 

Boletin de la Biblioteca Nacional -de 
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Mexico 11(1, 2) (1915) 

Boletin de la Real Academia de Ciencias 
y Artes de Barcelona 4(1—7) (1917- 
193), 5(1924--/29), 6193036) (4(5) 
(1921)) 

Boletin de la Sociedad Geografica de 
Lima 1904-1906 

Bollettino del R. Orto Botanico di Paler- 
mo 1(1) (1897), 4¢1, 2-3) (1905) 

Bollettino Tecnico del R. Istituto Spe- 
rimentale per le Coltivazioni del Ta- 
bacchi “ Leonardo Angelono” Scafati 
(Salerno) 33(4) (1936), 34(1937)—37 
(1940) 

Botanical Abstracts 7(1921)—12(1923) 
(10€2) (1921), 11¢€1) (1922)) 

Botanical .Gazette 20(1895)—37(1904), 
112(4) (1951), 113¢3) (1952) 

Botanic Gardens Department (Singa- 
pore) Annual Report 1948, 1949 

Botanika 5(1927)—7(1) (1929) 

Botanikai K6zlemények  9(1910)—38 
(1941) (13¢5, 6) (1914), 15(1916), 161 
—3) (1917), 17¢4—6) (1918), 20(1—3) 
(1921), 36(5, 6)( 1939), 38(3—6) (1941)} 

*Botanisk Tidsskrift 14(1884)—52( 1955) 
€49(1952)) 

*BotTannyeckni 2KkypHan 38(5, 6) (1953)— 
421, 2) (1957) 

Botrannyeckue Martepuastt 
(1924) [4(8—12)} 

Brooklyn Botanic Garden Record 25 
(3, 4) (1936)—30(1941) 

Buletinul de Informatii 1(1, 2,3) (1921) 

Buletinul Erbarului Institutului Botanic 
din Bucuresti see Bulletin de 1’Her- 
bier de l'Institut Botanique de Buca- 
rest 

Bulletin Agricole de l'Institut Scienti- 
fique de Saigon 1-2(1919~’20), 3(1921) 

Bulletin Bibliographique Herdomadaire 


4(1926), 5 
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2(42) (1911)—6(1915) 

Bulletin de d’Herbier Boissier 1(1893) 
—7(1899), Second Series 1(1900)—8 
(1908) 

Bulletin de Géographie Botanique 8 
(1899)—27(1919) (24¢(1915)—26(1918)} 

Bulletin de 1’Académie Internationale 
de Géographie Botanique see Bulletin 
de Géographie Botanique 

*Bulletin de la Société Botanique de 
France 20(1921)—22(1922), 70¢1923) 
—86(1939) (74(1927)}, 95(1948)—103 
(1956) C98(1—9) (1951)) 

Bulletin de la Société Botanique de 
Geneve 17(1925)—33(1941) 

Bulletin de la Société d’Histoire Natu- 
relle de Toulouse 50(1922) 

Bulletin de la Société Impériale des 
Naturalistes de Moscou 27(1913)— 
29(1915) 

Bulletin (Trimestriel) de la Sociéte 
Mycologique de France 20(1904)— 
56(1938) (27(1911), 31(1915), 33(1917) 
—35(1919), 37€1921), 47(1931)} 

Bulletin de la Société Portugaise de 
Science Naturelles 1(1) (1907) 

Bulletin de la Société Royale de Botani- 
que de Belgique 43(1906)—71(1938) 
(53(1920), 54(1921)} 

Bulletin de la Société Scientifique de 
Bretagne 25( 1950) 

Bulletin de l’Herbier de I’Institut Bo- 
tanique de Bucarest 1(1901), 2(1902) 

Bulletin de 1’Institut et du Jardin 
Botaniques de l’Universite de Belgrade 
1(€1) (1928), (2) (1929) 

Bulletin de TlUniversité de 
Centrale 13(1926)—22(1938) 

Bulletin du Départment de |’ Agriculture 
aux Indes Néerlandaises 1(1906)—47 
(1911) 
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Bulletin du Jardin Botanique de Buiten- 
zorg 1(1911)—28(1918), 1(1918)—8 
(1926) 

Bulletin du Jardin Botanique de Kieff 
1(1924) —16(1933) 

Bulletin du Jardin Botanique de 1’ Aca- 
démie des Sciences de 1’7URSS. Bulle- 
tin du (Principal) Jardin Botanique de 
la Republique Russe  21(1922)—24 
(1925), Bulletin du Jardin Botanique 
Principal de JlURSS 25(1926)—29 
(1931), Bulletin du Jardin Botanique 
de l’Academie des Sciences de l'URSS 
30(1932) 

Bulletin du (Principal) Jardin Botanique 
de la République Russe see Bulletin 
du Jardin Botanique de 1’ Académie 
des Sciences de l'URSS 

*Bulletin du Jardin Botanique de 1’Etat 
Bruxelles 1(1902)—25(1955 ) (203, 4) 
(1950) 

Bulletin du Jardin Botanique Principal 
de V’URSS 
Botanique de 1l’Académie des Scien- 
ces de 1’?URSS 

Bulletin du Jardin Impérial Botanique 
de Pierre le Grand 13(1913)—16(1) 
(1916) 

Bulletin du Jardin Imperial Botanique 
de St. Petersbourg 2(1902)—12(1912) 

*Bulletin du Muséum d’Histoire Natu- 
relle © 1(1895)—25(1919), 1920—1935, 
9e série 8(1936)—28(1956) [11(2—6) 
(1939), 231, 2) (1951)3 

Bulletin Economique de _ 1’Indochine 
Agriculture, Elevage Forets 34(1931) 

Broametub TocygapcerBennoro M3yatTeab- 
etBa 15(1927)—40(1927) [22—24, 33) 

Bulletin of Agricultural and Commercial 
Statistics 4(1913)—6(1915) (4(1, 2) 

Bulletin of Miscellaneous Information 


see Bulletin du Jardin 
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see Kew Bulletin 

*Bulletin of the British Museum (Natu- 
ral History) Botany 1(1—8)(1951— 
'55), 2(1—3) (1955—'56) 

Bulletin of the Bureau of Agricultural 
Intelligence and of Plant-diseases 2 
(1911), 3(1912) (2;.1—4, 6—12), 3(1)) 

*Bulletin of the California Insect Survey 
1¢.1—6)(19E0O—'52), 2¢.1—3)(1952—'54), 
3(1955), 4(1, 2) (1955) 

Bulletin of the Fan Memorial Institute 
of Biology 7(1936), 8 (1938), 11(1) 
(1941), New Series 1(2) (1948) 

Bulletin of the Far Eastern Branch of 
the Academy of Sciences of the USSR 
1932, 1933, 8(1934)—28(1) (1938) (12 
(1935), 15(1935), 26(1937)} 

Bulletin of the Illinois State Laboratory 
of Natural History 2(1887), 7(1904) 

Bulletin of the Institute of Scientific 
Research, Manchoukuo 6(2,4,6)(1942). 
7(1, 2, 3, 5, 6, ) (1943) 

Bulletin of the Pacific Scientific Insti- 
tute of Fisheries & Oceanography 2 
(2, 4) (1928), 3(4, 5) (1929), 10(1937) 

Bulletin of the Public Museum of the 
City of Milwaukee 1(1,2) (1919), 3 
(1) (1920) 

*Bulletin of the Torrey BotanicalClub 17 
(1890) —84(1) (1957) C17 C1—6) (1890), 
18¢1891)—26(1899 ), 55( 1928), 63(1936), 
65(1938)—67(1940), 68(1—3) (1941), 71 
(1)(1944), 75(1—4)(1948), 74(5)(1949), 
77 (5, 6) (1950), 83 (6) (1956)9 

Bulletin of the University of Montana 
3(1901)—58(1909) [4—7(1901), 11, 12 
(1902), 14—15( 1903), 24—29(1905), 33 
(1906), 37—38(1906), 43—45(1907), 53 
(1908), 55—57(1908)} 

Bulletin of the University of Texas 
1201909) : 
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Bulletin of the University of Wisconsin 
Science Series 2(1901), 3(1901-’05) 
Bulletin of the Wisconsin Natural 
History Society 1(1900)—13(1917) 
Bulletin Scientifique: Recueil Biolo- 

gique 1¢1935) 

Bulletins of the Pacific Scientific Fishery 
Research Station see Bulletin of the 
Pacific Scientific Institute of Fische- 
ries & Oceanography 

Bulletino del 
Botanico (Siena) 
(5, 6(1904)} 

Bvtlleti del Clvb Montanyenc 1¢1—10) 
(1912) 

*Candollea 1(1922)—15(1956) [8(1939— 
'41), 1101947—'48), 13(1950—'51)) 
Washington 


Laboratorio de Orto 
1(1898)—8( 1906) 


Carnegie Institution of 

‘ Annual Report of the Director of the 
Department of Botanical. Research 
1909, 1912, Annual Report of the 
Director of fhe Laboratory for Plant 
Physiology 1925—26,. 1926—27 

*Castanea . 11936) — 21 (1956) 

(1936), 6(4) (1941), 8¢4) (1943)) 
Ceskoslovenské  Botanické Listy 1 

(1948)—5(1952) [5(6—10) (1952)) 
Chinese Journal of Botany 1(1) (1936) 

*Comunicaciones 3(1954)—5(1956), (5(2 
—4) (1956) 

*Conspectus Florae Angolensis 1(1) 
(1937), 1(2) (1951), 2(.13—16) (1954), 2 
(2) (1956) 

Contributiones ad Mycofloram » Lusi- 
taniae 8-9(1929), 10(1932) 

Contributions Botaniques de Cluj see 
Contributiuni Botanice de Cluj 

*Contributions de l'Institut Botanique de 
PUniversité de Montréal 65(1949), 68 
(1956), 69(1956) 

Contributions du Jardin. Botanique de 
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Rio de Janeiro 4(1907) 

Contributions from Boyce Thompson 
Institute for Plant Research (Atex 
wpa) 11) (1925), 4(1932)—8(1937), 
9715), 10014) e122) 

Contributions from the Biological 
Laboratory of the Science Society of 
China: Botanical Series 1(1925)—10 
(1935) (11, 3) (1925), 21, 2) (1926), 3 
(2, 3, 4) (1927), 4(2,-3, 4, 5) (1928), 51, 
2,4) (1929)) 

Zoological Series 1(1925)—11(1935) 
(3(1)(1927), 4(1)(1927), 5¢1, 3)(1929)) 

Contributions from the Dudley Her- 
barium. (of Stanford University) 
1(1927 )—5( 1956) (1(1)(1927), 2(1939), 
3(1) (1940), 4(6, 8—12) (1950—'55), 5 
(2—12) (1956)} 

Contributiuni Botanice din Cluj 1(1) 
(1921) 

Cornell University Official Publication 
Librarian’s Report 11 (1928-'29)—13 
(1930~'31), 28(1934~'35 )—31(1938~-/39 ) 

*Dansk Botanisk Arkiv 1(1913)—15 
(1954) (2(7) (1917), 6(1929-’31), 14 
(1951)) 

Department of Agriculture Federated 
Malay States Bulletin 1(1909) —26 
(1917) (8(1910), 11(€1911)} 

Department of the Interior Bureau of 
Government Laboratories Biological 
Laboratory 8(1903), 26(1904)—35 

(1905), 36(1906) 
Documentary Leaflets of the Internatio- 
nal Institute of Agriculture Rome 
1¢1917)—6(1922) 
Dominion Experimental Farms 
Bulletin 93(1919) 
Seasonable Hints 16(1920)—24(1922) 
(18(1920)} Seasonable Hints from the 
Dominion Experimental Farms 49 
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(1930)—54(1932) (50(1930)) 

Dominion of Canada Department of 
Agriculture 
Dominion Experimental Farms 1918, 
1926—1931, 1934—1939 
Experimental Farms Pamphlet 3 
(1917), 15¢1917) 

Publication 480(1935 )—716(1941) 
[481(1935 )—483(1936), 486(1936)—508 
(1936), 510(1936)—518(1936), 520 
(1936 )—524(1936)} 
*Ecology 6(4) (1925), 381) (1957) 
*EKkologia Polska 1(1953)—4 (1956) [4 
(4—10) (1956)} 

Erythea 6(5)(1898), 71, 2, 3, 4,5)(1899 ) 

Evolucion de las Ciencias en la Re- 
publica Argentina 2(1924)—8(1925), 
11(1925) 

Far Eastern Branch of the Academy 
of Sciences of USSR 1935, 1936, 1937 

Festskrift 1890 

Field Columbian Museum: Botanical 
Series 1(1895)—3 1903) 

*Fieldiana: Botany 24(1946)—29(1955) 
(24(1) (1946), 26(1949)} 

Field Museum of Natural History 
Anthropological Series 15(3) (1919) 
Botanical Series 2(1912)—23(1947) [2 
(i—=7) (1912), 31, 2) (1980), 20€1939), 
23(6) (1947)) 

Report Series 3(1907)—42(1942) [(5(3) 
(1918)} 
*Dusuoporua Pacreuniit 4(1)(1957) 
*@yton 5(1955), 6(1956) 

XzonKoBoe JIeno 193001—5) 

Flora et Systematica Plantae Vasculares 
1(1933), 3(1936) 

Flora och Fauna 4(1917)—7(1920) 

Flora Taurica 1(1) (1927) 

*Plore Générale de Belgique 1(1, 2,3) 
(1952), 2C1, 2) (1956) 
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Flygblad 37(1927), 38(1927) 

*Fragmenta Floristica et Geobotanica 
1(1953), 2(1956) 

Garden and Forest 10(1897) 

Gardener’s Chronicle New Series 19 
(1883 )—26( 1885), Third Series 1(1886) 
—68(1920) 

*Gardens’ Bulletin Singapore 12(2) 
(1949 )—15( 1956) 

Garden’s Bulletin Straits Settlements 
7(1932)—11(1941) 

Genetica Iberica 4(1,2) (1952) 

*Glasnik Bioloske Sekcije Periodicum 
Biologorum ser.2B 2(1948)—7(1953) 
BioloSki glasnik 8, 9(1956) 

Government of the Philippine Islands 
Department of Agriculture and Natu- 
ral Resources 
Bureau of - Agriculture Manila. 
Bulletin 22¢1908), 23(1909), 25(1911), 
26(1912), 32(1918), 37(1923), 40(1926) 
42(1928) 

Bureau of Plant Industry. Report of 
the Director 1930, Annual Report of 
the Director 1934—’36, 1937, 1938 
Semiannual Report of the Director 
Jan.—Jun. (1939) 

Hamburgischen Botanische Staatsin- 
stitute Jahresberichte 20 (1902)—27 
(1909) 

Hedwigia 34(1895)—54(1914) 

*Hilgardia 18(1947)—25(1956) (19(1—5) 
¢1949)) 

Illinois Biological Monographs 2(3, 4) 
(1916) 

Index Horti Botanici Universitatis 
Budapestinensis 1932, 1934, 1938, 1940 

Indian Journal of Agricultural Science 
1(1931)—10(1940) (1(1, 2) (1931) } 

Instituto Butantan 195] 

International Crop Report and Agri- 
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cultural Statistics 7(1916)—19 (1928) 
(12 part 3(7) (1921), 14(3, 8) (1923), 
18(2) (1927)} 

International Institute of Agriculture 
4, 8(1918) 

International Review of Agriculture 
19(1928 )—32( 1941) C19¢1, 2, 11) (1928), 
32(5—12) (1941)} 

International Review of the Science and 
Practice of Agriculture 7(1916)—13 
(1922) (9(11) (1918), 10(10—12) (1919), 
13(8)(1922)}, 1(1923 )—4(1928), 18 (1927), 
19(1, 2) (1928) (18(12) (1927)5 

*/3pectua AKkayemuu Hayx CCCP, Cepua 
Buosorvyeckaa 1954—1957(1, 2) 

Jaarboek van het Departement van 
Landbouw, Nijverheid en Handel in 
Nederlandsch-Indie 1906—1919 (1913C 

Journal de Agronomia 1(1—5) (1938), 
21, 2,5, 6), 3C1, 2) (1940) 

Journal de TJInstitut Botanique de 
Y’Académie des Sciences dela RSS 
d’Ukraine 15(1937) 

Journal du Cycle Botanique de l’Acadé- 
mie Sciences d’Ukraine 1933(7—8) 
Journal of Agricultural Research 1 
(1914)—78 (1949) (24 (2,4,5) (1923), 
25(2, 10) (1923), 26¢1—4, 8) (1923), 28 
(9—12) (1924), 39(1, 3—6, 8)(1929), 44 
(4,7,8,10—12) (1932), 45(1932), 46 
(2—4) (1933), 47(3) (1933), 49(4 (1934), 
50 (4,12) (1935), 51 (1—3) (1935), 52 
(10) (1936), 54(2) (1937), 55¢4) (1937), 
56(4, 8) (1938), 58(3, 9) (1939), 59(2, 5, 
12) (1939), 61¢4, 8, 10) (1940), 62(1, 5, 8) 
(1941), 63(5).(1941), 64(6, 8—10)(1942), 
65(1,4,5,9—11) (1942), 66(6,9,10)(1943), 
67(4, 5, 7,12) (1943), 68(2, 4,6) (1944), 
69(2,6 (1944), 70(1)(1945), 71€1)(1945), 
72(3, 4, 8,10, 12) (1946), 73(1946), 76 

(2,7, 8) (1948), 78(.1—4) (1949)} 
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Journal of Applied Microscopy 1(1898) 
—6(1903) 

Journal of Botany 29 (1891)—79 (937, 
938, 939, 940, 941)(1941 )(29(340)(1891), 
34(329—376 ) (1896)) 

Journal of Mycology 5(1889)—14¢1908) 

*Journal of the Arnold Arboretum 
101919 )—12(1931) (1(2) (1919)) (VF 
AL BEER) 13—22, 30—38 (36) 

Journal of the Botanical Society of 
British Isles see Watsonia 

Journal of the Government Botanical 
Garden 9(1—4) (1926—’27) 

*Journal of the Indian Botanical Society 
35(1—4) (1956 ) 

Journal of the Linnean Society of London 
Botany 54(1948) 

Journal of the New York Botanical 
Garden 34(397) (1933) 

Journal of the Shanghai Science In- 
stitute Section 2 1—8(1933—/34) 

Journal of the Southern Appalachian 
Botanical Club see Castanea 

Junta de Ciéncies Naturals 1916, 1918, 
1919—’20, 1920—/21 

Bree 8(10) (1922), 11(6, 8—12) (1925), 12 
(1916)—24(1938) (13(11) (1927), 19 
(11) (1933), 21°(3—12) (1935), 24(2.4— 
12)(1938)} 

*peegeR 1(2,3,5,6) (1953), 2(1954)—6 
(1957) C6(3—6) (1957)) 

BERK 4(5) (1948) 

Kansas State Agricultural College 
Bulletin 150-170(1908~/10), 171-180 
(191011), 182-192(1912~13), 210-220 
(1916-'18) 

Circular 3—69(1918) 

Kansas State College Bulletin 30(3) 
(1946) 

*Kew Bulletin 1899—1955, 1956(1, 2, 3) 
(1896, 1902, 1910, 1911, 1921, 1941— 
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1945) 
Knowledge 24(1901), 25(1902) 
IZ PREMIER 1(1939)—22(1944) 

*Kongelige Norske Videnskabers Selskabs 
Forhandlinger 1(1926-/28)—26(1953) 
(5(1932)) 

*Kongelige Norske Videnskabers Sels- 
kabs Museet Aarsberetning 1914— 
1951 (1946), Arbok 1952, 1953 

Kongelige Norske Videnskabers Sels- 
kabs Museet Arbok see Kongelige 
Norske Videnskabers Selskabs Museet 
Aarsberetning 

Kongelige Norske Videnskabers Sels- 
kabs Museeet Oldsaksamlingens Til- 
vekst 1927—1947 (1931) 

*Kongelige Norske VidenskabersSelskabs 
Skrifter 1913—1953 (1918—1920, 1928, 
1940, 1941) 

Lingnan Journal 4(3) (1935) 

Lingnan Science Journal 11(1922)—18 
(1939), 23(1-2, 3) (1951) 

Lista Periodici Prezzi Informativi 1948 
-1949 

Lotos 75(1927)—87(1940) 

Louisiana State Museum; Biennial Re- 
port 2nd(1910), 3rd(1912), 4th(1914) 

Madonna Verona  1(1907)—15(1921) 
£9(1915))} 

Magyar Botanikai Lapok 1902—1914 

Malpighia 1887—1913 (1910), 27(1916) 

—33(1934) (30, 31(1923~-/32)) 

Manchuria Research Society 
Section of History and Ethnography 
ser. A 11(6) (1926) 

Natural History Section ser.A 5,7, 
12,14 (1926) 

Miscellaneous Series 1, 2,3,4 (1925) 
Commercial and Industrial Section 
ser. A 18, 21—26, 28, 29 (1928) 

Manchurian Science Museum; Bulletin 
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1(1937) 

Lai AE pe Originate Number 
(1937) hLGh, 2 334(19387); Beles) 
(1939), 3¢2, 3) (1940), 4(1) (1941), 5(2, 
3) (1942), 6(1-2) (1943) 

Materialy Florystyczne i Geobotanic- 


zne see Fragmenta Floristica et 
Geobotanica 

Meddelanden fran Abisko Naturveten- 
skapliga Station see Flora och Fauna 

Meddelanden fran Géteborgs Botaniska 
Traidgard see Acta Horti Gotobur- 
gensis 

Meddelanden fran Statens Skogsfors- 
kningsinstitut see Meddelanden fran 
Statens Skogsforsdéksanstalt 

Meddelanden fran Statens Skogsfors- 

6(1909 )—34( 1944-45) 
Meddelanden fran Statens Skogsfors- 
kningsinstitut 35(1946)—45(1955) 

Meddelanden fran Stockholms hégskolas 
Botaniska Institut 1(1898)—6(1903 
—'04) 

Mededeelingen over Rubber 1(1911)— 
4(1915) 

Mededeelingen uit den Cultuurtuin 
1(1911)—12(1918) 

Mededeelingen Uitgaande van het De- 
partement van Landbouw 1(1905)—18 
(1914) €4¢1907)} 

Mededeelingen uit ’ sLands Plantentuin 

66( 1903 )—75( 1904) 

Mededeelingen van de Afdeeling voor 

Plantenziekten 1(1912)—8 (1914) 

Mededeelingen van het Agricultuur 
Chemisch Laboratorium 1(1911)—19 
(1918) [(8¢(1914))} 

Mededeelingen van het Instituut voor 


6ksanstalt 


Plantenziekten Laboratorium iL? 
(1915)—61(1923) 
Mededeelingen van het Proefstation 
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voor de Java-Suikerindustrie see Ar- 
chief voor de Suikerindustrie in 
Nederlandsch-Indié 

Mededeelingen van het Proefstation 
voor Rijst c.a. 1912, 1916(2, 3) 

Mededeelingen van het Statistisch 
Kantoor 4(1921) 

Mededeelingen van ’sRijks Herbarium 
Leiden 1,3, 8-14(1912 )—70(1933) (48, 
57) 

Memoires Concernant 1’Histoire Natu- 
relle de l’Empire Chinois 6(1920) 
Memoires de l’Herbier Boissier® 1900 

(1—22) CA7)I 

Memoirs of the Department of Agri- 
culture inIndia 1(1906)—11(1920), 12 
(1—5) (1922/24), 13(1924)—15(1928), 
161; 435,-7) 1928); 17(3, 4,5,6,5G1929), 
18(2—9) (1930), 19¢1, 2) (1931) 

*Memorias da Sociedade Broteriana 1 
(1930), 8(1952)—11(1956 ) 

Memorias de la Real Academia de 
Ciencias y Artes de Barcelona 15(1919 
~'20), 16¢1—6, 8—11) (1921), 17;.13— 
15) (1922), 18(1923), 19(1924), 20(01— 
16) (192628), 21¢€1930), 22(1—31) 
(1930-'32), 23(1—25) (1932/34), 24 
(1935), 25(1—7, 8, 10, 12—15, 16) (1936) 

Memorias do Instituto Butantan 6 
(1931)—22(1949),  24(1) (1952), 26 
(1954) 

Memories del Museu de Ciencies Natu- 
rals de Barcelona Série Botanica 1 
(1(1922), 2(1924), 3(1925)) 

*Mukpo6nosorna 23(1, 2, 3, 4, 5,6) (1954), 
24(1955), 25(1, 2,.4, 5, 6) (1956) 

Missouri Botanical Garden 1890—1911 
£1903, 1907) 

Mitteilungen aus dem _ Botanischen 
Garten und Museum Berlin-Dahlem 
1(1) (1953) 
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Mitteilungen aus den _ Botanischen 
Staatsinstituten in Hamburg 20(1903) 
—27(1910) 

Mitteilungen aus dem Institut fiir All- 
gemeine Botanik in Hamburg 1914— 
1922, 6(1924)—10(1939) 

Monde des Plantes 1(1899)—95(1915), 
(59(1909), 81(1913), 92(1915), 93(1915) 3 

Monde Encyclopedie Mensuelle Illustree 
1(1911)—7(1911) 

Moniteur du Jardin Botanique de Tiflis 
1906, 1910(16), 1922-23(1) 

*Monographiae Botanicae 1(1953)—3 
(1955) 

Monographies Institut d’Ecologie et de 
Biogeographie 216(4) (1953) 

Monthly. Bulletin of Agricultural In- 
telligence'and Plant Diseases 41, 2, 4 
—12) (1913), 5¢1—12) (1914), 6(1—5, 
8—12) (1915) 

Musei Barcinonensis Scientiarum Natu- 
ralium Opera see Treballs del Museu 
de Ciéncies Naturals de Barcelona 

Museum Bulletin Biological Series 
Canada Department of Mines Victoria 
Memorial Museum 43(11) (1926), 45 
(12) (1926) 

Mykologia 1(1924)—4(1927) 

Mysore Agricultural Calender and Year 
Book 1949,1952~’53, 1954 

Naturalist of Manchuria 1936,1937 

Nature (Britain) 96(1916)—106(1920) 
C103(1919)—104(1919)). 

Nature (France) 3259(1956) 

Natureza do Brasil 1(1950), 2~3(1951) 

Natur und Museum. see Natur und 
Volk 

*Natur und Volk 
Bericht iiber die Senckenbergische 
Naturforschende Gesellschaft 1869— 
1918(1870—1875), 49(1919)—57( 1927) 
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aus Natur und Museum 58(1928)—63 
(1933) “Natur und Volk 64(1934)— 
86(1956) (67(10,11) (1937), 69(4,10) 
(1939), 70(6—12) (1940), 71(1941)—83 
(1953), 86(10—12) (1956)) 

Notizblatt des Konigl. Botanischen Gar- 
tens und Museums zuBerlin 1(1895)— 
15(1944), [4(36—40) (1904), 5(41,44— 
50) (1908), 7(61,62,64) (1917), 8°74) 
(1923), 13¢116) (1935), 15(5) (1944) 

*Notulae Naturae of the Academy of 
Natural Sciences of Philadelphia 1 
(1939 )—284( 1955) (206(1948), 251 
(1953), 252(1953)) 

*Nova Proizvodnja 1952(6), 1954—1956 
Nuova Notarisia  4(1893)—36(1925) 
Nuovo Giornale Botanico Italiano Nuova 

Serie 7(4) (1900), 11(1904)—47(1940) 
(17(1910), 41(1934))} 

Nyt Magasin for Botanikk see Nyt 
Magazin for Naturvidenskaberne 
*Nyt Magazin for Naturvidenskaberne 

26(1881)—88(1951 ) 
Nyt Magasin for Botanikk 1(1952)— 
4(1955) 

*Occasional Papers of the California 
Academy of Sciences 11(1925)—24 
(1956) (19,20) 

Occasional Papers Sandiego Society of 
Natural History 2(1937), 3(1937), 6 
(1940) 

Ohio Agricultural Experiment Station 
Bulletin 110(1888) 

120 and Nineteenth Annual Report 
for 1899-1900 

Ohio Biological Survey ‘Bulletin 1 
1, 2,4) (191315), 21, 3, 4, 6) (1915- 
191), 3(2—5) (1921-28), 4(1—5, 7,8) 
(1928-730), 5€1, 2) (1930, 1932),6¢3, 4, 5) 
(1935,’36,’38), 7C1, 2) (1940) 

*Ohio Journal of Science 17(1917)—40 
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(1940), 54(6)-(1954.)—57(1) (1957) 
Ohio Naturalist 4(1903)—15(1914) 
Osterreichische Botanische Zeitschrift 

46(1896)—101(1954) (73(4,5,10—12) 

(1924), 81(1932), 87(1,2,4—12) (1938), 

88(1,4—12) (1939), 89(1940), 99(2,3,6— 

12) (1952), 101(4,6—12)) 

Papers of the Michigan Academy of 
Science Arts and Letters 24(1938)—26 
(1940) 

Pathological Herbarium Notes 1(1920) 
—5(1922) 

Pflanzer 7(1911)—10(1914) 

Philippine Agricultural Bibliography 
see Government of the Philippine 
Islands Department of Agriculture 
and Natural Resources Bureau of 
Agriculture Manila Bulletin 

Philippine Agricultural Review 5(1912) 
—22(1929) 

Philippine Journal of Agriculture 1 
(1930)—12(1941) [(12(3,4) (1941)) 

*Philippine Journal of Science 1(1906) 
—85(1956)  [63(1,2,3) (1937), 64(4) 
(1937), 75¢4):€1941); °76(2) (1947), 85 
(3,4) (1956) 

*Phytomorphology 4(3—4), 5(1), 6¢8—4) 
CFTR Se EBRD 

Plant World 3¢(1—5) (1900) 

Polskie Towarzystwo Botaniczne see 
Acta Agrobotanica and Monographiae 
Botanicae 

Pomona College Journal of Economic 
Botany 1¢1911) 

Poradnik dla Samoukow Botanika 6(1) 
(1926), 7(2) (1927), 8¢3) (1928) 

Prace Zaktadu Dendrologii i Pomologii 
w Korniku 1952 

*Preslia 2(1922)—28(1956), (6(1928), 7 

(1928), 25(1953), 28¢4) (1956) 

Primera Reunion del Congreso Cientifico 
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Latino Americano 4(1898) 

*Proceedings of the Academy of Natural 

Sciences of Philadelphia 1897—1909,62 
(1910)—107(1955), 

Proceedings of the American Philoso- 
phical Society 1(1884), 15(1876)— 
85(1) (1941) 

Proceedings of the Botanical Society 
of the British Isles 1(1,4) (1954), 2 
(1,2) (1955) 

*Proceedings of the California Academy 

of Sciences 

Third Series 

2(2) (1900) (Botany ), 

(Zoology ) 

Forth Series 1(1910)—28( 1954) (2(;.1— 

10) (191416), 12(4—30) (1923), 14 

(1—17)(1924), 16(22) (1928), 20¢1) 

(1932), 21(2) (1933), 23¢17—40) (1938 

—/47), 24(4.1—10) (1942—'48 ), 25(1—14) 

(1944), 26¢1—9)(1949))} 

*Proceedings of the National Institute 

of Science of India 16(1950)—22( 1956) 
of the Nova _ Scotian 

Institute of Science 18(2,3) (193132) 

Proceedings of the Royal Canadian 
Institute 2-5(11) (1902), 2-6(12)(1904), 
ser.3 1(1936), ser.3A 2(1937)—5(1940) 

Proceedings of the University of 
Durham Philosophical Society 3(1906-— 
'10), 42(2) (1910—’11) 

Proefstation voor de Java Suikerindus- 
trie Mededeelingen see Archief voor de 
Suikerindustrie in Nederlandsch-Indié 

Publications Instituti Botanici Universi- 
tans Jagellonicae Cracoviensis 1(1956) 
—15(1956) 

Recueil des Travaux Botaniques Ner- 
landais 36(1) (1939) 

4ipeva see Lingnan Journal 

aap eee Mess see Lingnan Science Jour- 


4(4-5) (1906) 


Proceedings 
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*Reinwardtia 1, 2(1, 2, 3),3 (JUN ZERER 

Report of the Agricultural Reseach 
Institute & College, Pusa 1904—1922 
Scientific Reports of the Agricultural 
Institute, Pusa 1922—1929 
Scientific Reports of the Imperial 
Institute of Agricultural Research, 
Pusa (New Delhi) 1929—1939 

Report of the Institute of Scientific 
Research Manchoukuo 1(1—12) (1936), 
2(1—9) (1938), 3(¢3—14) (1939), 4¢1— 
4,11—20) (1940), 5(1—20),(1941), 6(3,6) 
(1942), 7:1—10) (1943) 

Report of the Minister of Agriculture 
for the Dominion of Canada 1926,1927, 
1929,1932—1940 

Report of the Phytopathological Labo- 
ratory : Special Publication 1(1955), 3 
(1955) 

Report of the United States National 
Museum 1940 

Report of the Introduction of Improve- 
ments into Indian Agriculture 1909, 
1910 

Report on the Progress of Agriculture 
in India 1907—1919 
Review of Agricultural Operations in 
India 1919—1933 

Research Studies of the State College 
of Washington 1(1929)—8(1936) [2(2) 
(1980), 3¢1,3,4) (1931) 

Review of Agricultural Operations in 
India see Report on the Progress of 
Agriculture in India 

Review of Applied Mycology 1(1922)— 
20(1941) (16(3) (1937), 20(10—12) 
(1941)} 

Review of Tropical Agriculture 2(3,4, 
5,6,7,8) (1912) 

Revisita Chilena de Historia Natural 


September 1957 


M39 —12)€1900), 5Ci—4, 712) 
(1901) 

Revista de Agriculture Tropical see 
Review of Tropical Agriculture 

Revista de Ciencias 40(425) (1938) 

Revista de la Facultad de Medicina 
Veterinaria 2(3,4) (1928), 3(1) (1929) 

Revista del Gentro Estudiantes de Far- 
macia y Bioquimica 9(17) (1936) 

Revista del Ministerio de Obras Publicas 
GC 12,3.) C1912) 

Revista Farmacéutica 66(4) (1924) 

Revista International de Botanica Ex- 
perimental see Pyton 

Revue Bryologique 1894—1920 (1915— 
1919,1920(1,4)) 

Revue de Phytopathologie 1(1,2) (1913) 

Ppi6Hoe XosslictBo JlambHero BoctoKxa 
1934(1-2), 1935(13) 

Rivista di Patologia Vegetale 1(1892) 
—6(1897) 

*Rocznik 8(1952), 10(1955), 11(1956) 

Rodriguesia 1(1935)—12(1939) 

R. Scuola Superiore di Agricoltura in 
Portici nel Passato énel Prosente 1872 
-1906 

Co6opxHuk mo Bonpocam AKkKJIMUITH3aIHH 
Pacrennii u 2Kuspotupix ,, (OroKnuiatT” 
1930(8,9) 

*Science 26(1908)—45(1917), 113¢2929) 
(1951)—125(3250) (1957) = €114(2951, 
2957) (1951),115(1985)¢(1952),118(3071) 
(1953), 119(1094) (1954),123(3186,3191) 
(1956), 124(3210, 3235) (1956 )) 

Science Reports of National Tsing Hua 
University, series B. Biological and 
Psychological Sciences 1-2(1931) 

Scientific Papers of the Applied Sections 
of the Tiflis Botanical Garden 3(1924) 

Scientific Reports of the Agricultural 
Institute, Pusa see Report of the 
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Agricultural ‘Research Institute & 
College, Pusa 

Scientific Reports of the Imperial In- 
stitute of Agricultural Research, Pusa, 
(New Delhi) see Report of the Agri- 
cultural Research Institute & College, 
Pusa 

Scientific Works of the Przevalsky Re- 
search Association Members 1942 

Seasonable Hints from the Dominion 
Experimental Farms see Dominion Ex- 
perimental Farms Seasonable Hints 

Skrifter Utgitt av det Norske Videnskaps- 
Akademii Oslo, IJ. Matem.-Naturvid. 
Klasse 1933(9), 1910(4), 1934(13), 1940 
(6) 

Smithsonian Miscellaneous Collections 
121(3) (1953) 

*Smithsonian Report U. S. National 
Museum 1893—1916 

Cosetcks Boranuka 1933—1940 (1936(5), 
1937(1,2), 1938(2), 1940(1,2,3)) 

Soviet Subtropics 1931(10), 1932(12,13), 
1934(14-15) 

Stanford University Publications, Uni- 
versity Series, Biological Sciences 1(2) 
(1921),, 3€1).€1922), 3(4) (1923), 4¢1) 
(1925), 5C1) (1927), 6€4) (1939), 8@2) 
(1942), 9(2) (1944), 11(€1953) 

Statistical Notes on the Cereals 4(1916) 
—7(1918) ; 

Studia Botanica Cechoslovaca 1(1,2) 
(1938) 

Studies from the Plant Physiological 
Laboratory of Chales University 
Prague 1(1923), 2(1924) 

Studi Sassaresi 1(2-2) (1901) 

Subtropics 1929, 1930 [(1930(3-4)] 

Suite au Bulletin de l’Herbier Boissier 
see Memoires de l’Herbier Boissier 

*Svensk Botanisk:Tidskrift 2¢(1908)—50 
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(1956) (€24(1930), 30(1936), 3303, 4) 
(1939), 34(1940), 36(4) (1942), 38(4) 
(1944), 40(3) (1946), 41(3) (1947) 

Symbolae Botanicae Upsalienses 1 
(1932)—6(1942) (3(4 ) (1939), 4(1941), 
5(1) (1942), 6¢4) (1942) 

APOSTLE PST Sa; ~see Report of the 
Phytopathological Laboratory 

ists see Acta Botanical Sinica 

ABER wAAER see Bulletin of the Insti- 
tute of Scientific Research, Mancho- 
ukuo. 

ABERAEBEDISTE EG «see Report of the 
Institute of Scientific Research Man- 
choukuo 

HA Ci RAE<e see Manchuria Research 
Society Section of History and Ethno- 
graphy 

Transactions of the Academy of Science 
of St. Louis 8(4) (1898), 91(1899), 10 
(4) (1900) 

Transactions of the Canadian Institute 
6(1897) — 23(1940) (17(1929),  23(2) 
(1940)} 

Transactions of the Royal Society of 
South Africa 18(3) (1929) 

Transactions of the San Diego Society 
of Natural History 8(23—32) (1934 — 
'38) 

Transactions of the Scientific Society 
of Turkestan (at Middle Asiatic Uni- 
versity) 1(1923), 2(1925) 

Transactions of the Wisconsin Academy 
of Sciences, Arts, and Letters 2(1873) 
—24(1929 ) 

Transactions of Tomsk State Univer- 
sity 76(1) (1926), 77(2,3,4) (1926), 79 
1—4)(1928), 81(1928) 

Travaux du Musée Botanique de 
l’Académie Impériale des Sciences de 
St.-Pétersbourg 1(1902) 
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Traveaux de Il’Insutitut Botanique 1 
(1936), 2(1937) 

Treballs del Museu de Ciéncies Naturals 
de Barcelona 4(2—4, 6—12) (1921— 
—/24), 6(1921), 7(1) (1919), 8(1920) 
Series Botanica 1(1917), 2(1917), 5(3 
—7) (1920—’26) 

Series Zoologica 2(1917),3(9, 10, 12) 
(1920), 7(1917), 11¢1917) 

Series Biologico-Oceanografica 1 
(1917) 

Troms®# Museums Arsberetning 1924 
—1935 

Troms¢@ Museums Arshefter 
—50(1927) 
Naturhistorisk Avd. .51(1930)—56 
(1935) (52¢3, 4) (1932), 54(2;3; 4) 
(1934), 55(1935), 56(2, 3,4) (1935)) 

Troms¢ Museums Skrifter 1(1—5, 7, 9, 
13) (1925—/31), 2(1928), 3(1) (1935) 

Tpyapt boranuyckoro (Haysno-MccaezoBa 
Teapexoro) Muctutyta 1925, 1927—1929 

Tpyapi Jlenunrpaackoro OoduectBa Ecte- 
cTBucabl Tatetelt 69(2) (1949), 70(3) 
(1950) 

Tpyabi Cu6upcKoro Muctutyta Ceabokoro 
XosalictBa 9(1—5) (1928) 

Tpyabt Tudsaucckaro Botanuyeckaro 3 
(1899)—10¢1)(1911), 111, 2)(1909,/10) 

Ukrainian Botanical Review 3(1926) 
—5(1929 ) 

Universitetet i Bergen Arbok see Ber- 


47( 1924) 


gens Museums Aarbok 

Universitetet i Bergen Arsberetning and 
Arsmelding see Bergens Museums 
Aarsberetning 

University of California, Agricultural 
Experiment Station, Circular 5—13 
(1903—'04.) : 

University of California Bulletin 
New Series 5(3) (1903), 6(1, 3) (1904), 


September 1957 


7(2) (1905) 
Third Series 1(2, 9) (1908), 3(3,8) 
(1910),5¢3) (1911), 16(11) (1923) 

University of California Publications, 
Agricultural Experiment Station 
Bulletin 149(1903)—178(1906) 
Report of Work 1901—’03, 1903~'04 

*University of California Publications 
in Botany 1(1903)—28(1955) (23(1,3,8) 
(1948), 25(1—3) (1952)) 

*University of California Publications 
in Entomology 8(1947)—13(1956) 
University of California, Register 1904 

—05 

University of Colorado Studies 28(1) 
(General Series) (A) (1947), 17(3) 
(1929) 

University of Illinois Agricultural Ex- 
periment Station, Bulletin 213, 220 
(1919) 

University of Missouri Bulletin, 
General Series 19(1949) 

Library Series 12( 1926), 17(1936)—21 
(1948) 

Science Series 1(1, 2, 5—9) (1912—'13), 
2(3, 4) (1914) 

University of Missouri Studies, A 

' Quarterly of Research 1(1926)—26 
€1953)- £2(2, 3) (1927), 10(1) €1935), 
12(4) (1937), 16(2, 3, 4)(1941), 17(3, 4) 
(1942), 19(2) (1944), 20(4)(1945), 21(2, 
4) (1946), 22(4)(1948),23(2, 3, 4)(1950), 
9A(1961),  25'(2,4) (1953), 26 (1, 3,4) 
(1953)) 

University of Nebraska, Botanical Sur- 
vey of Nebraska 1(1892)—6¢1902) 
Upsala Universitets Arsskrift 1875, 

1895, 1907 

U.S. Department of Agriculture 

Bulletin 62(1914)—1498(1929) (42% 


2) 
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Farmer’s Bulletin 4(1891)—1977 (1946 ) 
Miscellaneous Circular 81(1927), 81 
(suppl. 1) (1931) 

Miscellaneous Publication 27 (1928), 
77(19 30),98(1932),110(1929 ), 121(1932), 
194(1934), 369 (1941), 382 (1940), 541 
(1944) 

Technical Bulletin 5(1927)—713(1940) 
REAM 

U.S. Department of Agriculture, Bureau 
of Plant Industry. 

Bulletin 1(1901)—283(1913) (273 2#O 
Circular 90 (1912) — 132 (1913),1 
C1918), 4,5,¢1918), 611919) 7% 17, 22 
(1918)—25(1913), 29 

Inventory of Seeds and Plants Inpor- 
ted 31(1912) — 41(1917), 46(1919)— 
63 (1923), 65 (1923)—75 (1926), 78 
(1926), 81(1927), 83(1927) 

U.S. Department of Agriculture, Divi- 
sion of Agrostology, Bulletin 2—24 
(1897) 

U.S. Department of Agriculture, Division 
of Vegetable Pathology 4(1896)—27 
(1900) (14(1898)) 

Verhandlungen der K. K. Zoologisch- 
Botanischen Gesellschaft in Wien 51 
(1901)—78 (1928) [63 (1,2) (1913), 65 
(1915 )—72(1922)} 

Verhandlungen der Naturforschenden 
Gesellschaft in Basel 13 (1901)—66 
(1955) (161903), 40.C1) (1928),. 55 
(1944)—60(1949)} 

Verslag Omtrent den Staat van ’Slands 
Plantentuin te Buitenzorg 1895—1904 

Vetenskapiga och Praktiska Unders- 
okningar i Lappland see -Flora och 
Fauna 

Vierteljahrsschrift der Naturforschen- 
den Gesellschaft in Ziirich 1896—1936, 
82(1937)—88(1943) 
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*Watsonia 3(1, 4,5,6) (1953) 

West Virginia University Bulletin 32 
(2) (1931) 

*Willdenowia 1(2,3,4) CBE OLR 

Works of the All-Union Scientific Re- 
search Institute of Humide Subtropics 
1G, 4) (1937) 

Year Book, Department of Agriculture 
1895, 1898 

Year Book, Academy of Sciences of 
Philadelphia 1923—1931 

*Zbornik Radoba 1950 (pp. 1—247), 11 
(2) (1951), 29¢3) (1953), 31¢4) (1953), 
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5(1—10)(1954), 6(1—6) (1955), 7(3, 4, 
8) (1956) 

Zeitschrift fiir Angewandte Mikroskopie 
5(1, 2, 10) (1900), 6(9, 10, 11, 12) (1901), 
7(2)(1902), 8¢1903), 91904), 10¢2—11) 
(1905), 10—11(;1—8) (1906—07), 13(1 
—12) (1908) 

Zeitschrift fur Land- und Forstwirt- 
schaft in Deutsch-Ostafrika see Pflan- 
Zeer 

Zentralblatt der Gesamten Arzneimittel- 
kunde 1(1912)—22(1914) 

ERR PKI 1(1)(1933), 2(1. 2,3) (1940) 
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The composition and structure of the evergreen broad-leaved forest which is 
the climax community in the warm-temperate region of Japan, has been studied 
by such many investigators as Nakano (11), Suzuki (13, 14, 15), Kira (5), etc.. 
However, the effects of various factors which affect the structure and develop- 
ment of the community, were not thoroughly analysed from the physiological and 
ecological viewpoints. Among the environmental factors relating to this problem, 
it is supposed that the light is the most important one. The relationship between 
the structure and development of plant community and the light factor has been 
studied in detail by Boysen-Jensen (3), Monsi and co-workers (8, 9, 10) on the basis 
of the dry matter production in herb and deciduous plant communities. Walter (16), 
Baker (1) studied also on the same standpoint. Nomoto (12) analysed the succes- 
sion of the deciduous broad-leaved foreset by the same idea, but, so far as the 
author knows, it seems that a study of the evergreen broad-leaved forest in Japan 
has scarcely been carried out from such standpoint as mentioned above. 

From this reason, it may be safely asserted that needs are to obtain the appa- 
rent photosynthesis curves of the evergreen broad leaved trees, which are funda- 
mental data for the study of dry matter production (plant production) and for the 


analysis of succession of this forest community. 


Materials and Methods 


The 12, dominant and characteristic species in the three associations in Oosumi 
peninsula (Suzuki (13)) were selected for the materials. Those are Shita Sieboldit, 
Machilus Thunbergii, Distylium racemosum, Eurya japonica, Myrica rubya, Rapanaea 
neriifolia, Lithocarpus edulis, Illicium religiosum, Symplocos lucida, Quercus glauca 
Camellia japonica and Cinnamomum Camphora. 

The leaves of those trees growing in the natural condition were used for the 
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measurement of photosynthesis and respiration by mean of Boysen-Jensen’s method 
(3, 6). Illumination intensities were provided by changing the distance of 500-Watt 
reflecter flood lamp from the assimilation chamber. The illumination intensity was 
measured by the Mazuda photometer. The temperature in the chamber which was 
held in the water bath, was kept at 25°C constant. The leaf area was measured 
by the planimeter. 

More than thirty measurments were made in summer 1956 in order to obtain 


one curve. 


Results and Discussion 


From the apparent photosynthesis curves of the sun and the shade leaf of each 
species shown in Fig. 1, the important figures are collected in Table 1. 

These figures show that the greater part of the tested plants possess the charac- 
ter of shade plants such as small value of maximum-photosynthesis, respiration 
and compensation point, and that C. Camphora has somewhat the character of sun 
plant rather than shade plant. These curves progress strikingly similar to those 
reported by Lundegardh (7), Boysen-Jensen (3), Bohning and Burnside (2), namely, 
the light saturation occurred at an intensity of 1/3 of the full day light intensity 
in the sun leaf and at 1/10 in the shade leaf. 


Considering the figures shown in Table 1, it is remarkable that R/P ratio of the 


shade leaf of M. Thunbergii is as large as 0.27 owing to its low photosynthetic and 
high respiratory activity, and that the ratio of S. lucida is fairly small (0.08) 
because of its low respiratory activity. 

Fig. 1 gives some presumptions on the development of the community, namely, 
when all species grow under the full day light, the species of the larger net pro- 
duction may be able to dominate over the other. However, as the competition be- 
gins generally in the shade habitats of a community, it is necessary to know the 
production of plant under weak light condition. 

The compensation points of these plants are likely important on the matter 
production in shade, but Lundegardh (7), Stalfelt (1), Decker (4) recognized that 
some of the very tolerant species have the higher grade of compensation point. This 
fact was also recognized in this experiment. It is somewhat difficult to anticipate 
the structure and development of the community in future from these curves. In 
order to explain clearly the fate of seedlings of the 12 species in shade habitats, 
the relative daily photosynthetic production. of each species is calculated and shown 
in Fig. 2. 

The relative daily production was calculated from the photosynthesis curves 
in Fig. 1 and the mean light intensities at different times of day in summer at 
Kagoshima prefecture, viz., 5.30-6, 19-19.30, 0.8 KLux; 6-7, 18-19, 8 KLux; 7-10, 14- 
18, 47.5 KLux; 10-11, 13-14, 49.4 KLux; 11-13, 50 KLux; this mean light intensity 
was reformed temporarily from Monsi’s result measured in Tokyo. 


ae 
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Fig. 1. The apparent photosynthesis curves of the sun leaf (upper curve) and 


the shade leaf (lower curve) of each species. 


1. —— S. Sieboldii, ---- R. neriifolia; 2. —=— D. racemosum, -->- I. religiosum: 
3. —— Q. glauca, --~- M. Thunbergu ; 4, === FE. japonica, ---- C. japonica; 
5. —— L. edulis, ---- M. rubra; 6. —— S. lucid, ---- C. Camphora 
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Table 1. This table is summarized from Fig. 1 and Fig. 2. 


in the shade leaf in the sun leaf 

ig rR. (cpl p.i/PPP| R. loplp. iR/PPs) 

S. Sieboldii 0.292} 50} 2.4/0. 12) 0. 4] 0.608] 150) 5.5/0. 11) 0.9 

“M. Thunbergii | 0.350 100] 1.30.27] 0.9) 0. 700| 300) 4.8/0.15) 2.0 

D. racemosum 0.254) 80} 2.2/0. 12) 0.7} 0. 699] 300) 5.8/0. 12) 1.1 

Q. glauca 0.333 100| 3.00.11) 0.7, 0.579| 350, 6.00.10] 2.0 

L. edulis 0.328} 80} 1.6/0. 21) 0.8) 0.808) 390) 6. 1/0.13) 2.5 

M. rubra 0.305} 120 2.3/0. 13] 0.7) 0.604! 400} 4. 6/0. 13) 2.5 

C. japonica 0. 256] 100} 2.1/0.12) 0.6} 0.622) 400) 4.2/0. 15) 2.5 

E. japonica 0.227| 50} 2.6/0. 03) 0.6) 0.655) 350) 5. 7\0..11) 1.5 

S. lucida 0.135) 50) 1.7\0.08) 0. 3} 0.600) 459) 6.80.09) 2.0 

R. neriifolia 0.215} 80] 2.0/0.11] 0.6} 0.511) 400) 4. 7/0.11) 2.0 

I. religiosum 0.367) 150} 2.80. 13) 0.7| 0. 727/ 480 4.610. 16 2.0 

C. Camphora 0.454} 200) 3. 910.12) 1.0) 0.801) 600) 6.2/0.13) 2.5 
Revie respiration rate (mg), P..:----: maximum rate of apparent photosythesis (mg), 
C. Pye++- compensation point (Lux), R/P.----- ratio between respiration rate and 
maximum rate of apparent photosythesis, D.C, P.-:----+: compensation point of 


daily relative production rate (%). 


At the high relative light intensities, the expectation for the relative production 
rate of each species may be the same as was represented in Fig. 1, therefore, those 
at the low relative light intensities as below 30 % are shown in Fig. 2. 

Monsi and Saeki (8) reported that the relative light intensity under the canopy 
of Shiia cuspidata forest was 2.5-5%. The author found 1-2% of it in the S. 
Sieboldii forest at Shiroyama, Kagoshima city. 

Since the compensation points of the relative production rates (rel. light inten- 
sity %, see Table 1) of all species are lower than the relative light intensities of 
the forest inside mentioned above, they can grow in this habitat. However, these 
species were not always found in this forest. The growth of seedling under such 
weak light intensity as at the compensation point, must be analysed in future from 
the viewpoint of matter production. 

From Fig. 2, the author can conclude the order of the relative production rate 
at the relative light intensities above the compensation points as following. In the 
shade leaf, S. lucida>M. Thunbergii>E. japonica>R. neriifolia>S. Sieboldii>Q. 
glauca>C. japonica> M. rubra>L. edulis> D. vacemosum> I. religiosum>C. Cam- 
phora; in the sun leaf, S. Sieboldii>I. religiosum>D. racemosum>C. japonica>E. 
japonica> L. edulis> M. rubra>Q. glauca>R. neritfolia> M. Thunbergii>S. lucida> 
C. Camphora. The order of the sun leaf is nearly in the reverse ordering Of the 
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Fig. 2. The relative daily photosynthetic production under different relative light 
intensities. Values of the shade leaf of each species are shown in the three figures 
above and those of the sun leaf in the three figures below. The numbers of the 
shade leaf represent the spcies as following ; 
1. S. lucida, 2. M. Thunbergii, 3. E. japonica, 4. R, neriiforia, 5. S. Sieboldii, 
6. Q. glauca, 7. C. japonica, 8. M, rubra, 9. L. edulis, 10. D. racemosum, 11. 
I. religiosum, 12. C. Camphora 

The numbers of the sun leaf represent the species as following ; 
1. S. Sieboldii, 2. I. religiosum, 3. D.racemosum, 4. C. japonica, 5. E. japonica, 
6. L. edulis, 7. M. rubra, 8. Q. glauca, 9. R.neriifolia, 10. M. Thunbergii, 
11. S. lucida. 12. C. Camphora 
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shade leaf. 

From this result, it may be expected that the relative production rates of the 
shade leaf of S. lucida and M. Thunbergii are higher and those of the sun leaf are 
lower at the low relative light intensity as compared with the other species, and 
they can grow favourably in the shade habitats of lower relative light intensity 
when they have shade leaves. On the other hand, J. rveligiosum and D. racemosum 
had reverse characters, and so it is favourable to have sun leaves and to reside in 
the habiats of higher light intensity. Because both of the sun and the shade leaves 
of S. Sieboldii had the high productivity, it may be possible to be a dominant. E£. 
japonica and C. japonica can clearly grow in many associations. R. neriifolia, Q. 
glauca, M. rubra and L. edulis become respectively the characteristic species in the 
particular association, for it seems that these species are mainly influenced by some 
other factors in addition to the light. Further, it is demonstrated that C. Campora 
can not occur in the three associations. 

It is recognized that the relative light intensity influencing the plant production 
of each species produces the differences on their developments and further controls 
the development of the community. From this reason, it is believed that the struc- 
ture and development of communities may be possibly analysed by the photosyn- 
thesis curves, though the other environmental factors must be considered. 


The author wishes to express his best thanks to Prof. M. Monsi of the Tokyo 
University for his valuable suggestion. 


Summary 


The apparent photosynthesis curves of the sun and the shade leaf of the ever- 
green broad-leaved trees are presented. 

The twelve species which selected for the materials were the dominant and 
the characteristic species in the forest which is the climax community of the warm- 
temperate region in Japan. Ecological analysis on the structure and development of 
this commnity was carried out on the basis of the concept of the plant production 
(matter production) by making clear the apparent photosynthesis curve of each 
species. 
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The present writer recognized two typical type of macrophyte vegetation, namely 
the regular zonal type and the massive type, both of which appear after drainage 
in some artificial reservoirs in Japan. These reservoirs may be regarded as belon- 
ging to the vernal autumnal type of temporary ponds. Besides these types he detec- 
ted an intermediate type between the two typical types in some reservoirs in Shiga 

Prefecture. 

These types are observed to be markedly different from each other in community 
composition of amphiphyte zones, which fact is most indicative in many fresh-water 
ecosystems. 

The present study was undertaken to clarify the community composition of the 
amphiphyte zones of three vegetation types with some ecological considerations. 

The writer must record his deepest thanks to Dr. Y. Horikawa, Prof. of Botany 
in Hiroshima University and Dr. K. Tsuneki. Prof. of Biology in Fukui University, 
for their very valuable advice and encouragement during the course of the present 
study. He must also thank Dr. K. Imahori, Kanazawa University, for kindly reading 
and criticizing this manuscript. 


Pond Basin and Investigation Methoed 


About thirty reservoirs investigated are rather small water bodies in volume 
which range from about 0.5km to 40km in circumference and from about 2.0m to 
4.0m in depth at high-water line. The basins of these reservoirs are generally not 
so strikingly changed as many lakes and accordingly they have rather simple aspects. 
However the writer distinguished three topographical areas, that is to say, the margi- 
nal, the littoral and the central part, in some reservoirs with a rather youthful basin 
which generally exhibited the zonal arrangement of vegetation. Some reservoirs with 
older basins exhibiting the massive vegetation, have their littoral areas which 
spread over the pond bottoms with thick layers of biotic remains or abiotic sedi- 


* A part of the present study was delivered at the 20th annual meeting of the Botanical 


Society of Japan, October, 1955. i 
** Biological Laboratory, Fukui University, Fukui, Japan, f@/tREBESH EMSRS 


306 fi m %* ME BH B70 4 os 832 3 HAA 32 4 10 A 


ments. Drainage of these reservoirs begins in May rice-transplanting season, and 
their bottoms will be dried up completely in September, accordingly so-called ‘“ Ver- 
landung”’ will be found. 

The writer drew the primary survey maps of macrophyte vegetations of these 
reservoirs after drainage and further made an attempt to analyse these vegetations 
by the method of belt transect whose breadth is 1m, as usually-employed in some 
herbaceous communities. 

Only in a few reservoirs of the vegetation of massive type, however, he used 
the belt of 50cm in breadth. After the belt transect researches were made, he 
adopted a grid system of 1m square by purposive selection, to estimate the fre- 
quencies and the covering degrees of all components involved in each dominant com- 
munities. 


Vegetation 


It can be generally noted that each vegetation developed on the pond bottom 
after drainage, exhibits much enclosed community composition because of the diver- 
sified habitat conditions after the remarkable change of environment, contrary to 
vegetation of the natural steady hydrospheres in hydric conditions. Especially is 
vegetation of littoral areas often markedly different in community composition 
from vegetation of many lakes. 


Table 1. The Vegetation of the First Type* 


The Marginal Part The Littoral Part The Central Part 


The Principal | The Terrestrial Zone | The Amphibious Zone | The Aquatic Zone 
Vegetation (Certain terrestrial | (Certain amphibious | (Certain aquatic 
Change components sensitive | and hygrophytic plants) | plants) 

to inundation 


Lysimachia Fortunei 
The Principal Dimeria ornithopoda | Brasenia Schreberi 
Dominants Rosa multiflora var. 

Paspalum Thunbergii 
Carex Thunbergii 


Pleioblastus pygmaea | Lobelia chinensis Myriophyllum ussuriense 


var. glabra Centipeda minima 
Bacal Zpomeu™ | Eleocharis pellucida Nuphar japonicum 
The Main Ilex crenata Triadenum japonicum | Potamogeton octandrus 
Accompanying | Sulix Gilgiana Isachne globosa var. Miduhikimo 
Components Quercus serrata Cyperus serotinus Eleocharis pellucida 
@. mongolica var. gros- | Eriocaulon Miquelianum | Fimbristylis diphylloides 
seserrata Hedyotis diffusa 
Pinus Thunbergii Fimbristlis aestivalis 
Imperata cylindrica Myriophyllum ussuriense 
var. Koenigii Scirpus lineolatus 
Miscanthus sinensis Brasenia Schreberi 


Paspalum Thunbergii Gratiola violacea 
Centipeda minima 
Eviocaulon Miquelianum 


* The shore zonation terminology of Table 1,2 and 3 was cited from the survey of H. at 
Ranzien H&, . ‘ ty i 
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Three typical types namely the first, the second and the third type of the macro- 
phyte vegetation developed after drainage, in artificial reservoirs investigated, are 
shown in Tables 1, 2 and 3. As shown in these tables, three types are most distinctly 
different in community composition of the amphiphyte zone which occupies the litto- 
ral areas, in spite of the resemblance of the marginal and the central system. 

The vetetation of the first type tends to denote the typical zonal arrangement, 
in which each predominant community alternates abruptly with the next successor. 
Especially it may be a noticeable fact that the amphiphyte zone on the littoral areas 
in this type is predominated by communities of such small-stemmed hygrophilous 
perennial plants or such annual plants as Dimeria ornithopoda var. tenera, Lobelia 
chinensis and Eleocharis pellucida, which are generally displaced by large-stemmed 
These 
communities succeeded by aquatic plant communities predominated by Brasenia 


emergent plants, namely Phragmites or Zizania in many natural hydrospheres. 


Schrebert, Myriophyllum ussuriense and Nuphar japonicum. 


Table 2. The Vegetation of the Second Type 


The Marginal Part 


The Littoral Part 


The Central Part 


The Principal 
Vegetation 
Change 


The Terrestrial Zone 
(Certain terrestrial 
components sensitve to 
inundation 


The Amphibious Zone 
(Certain amphibious 
and hygrophytic plants) 


The Aquatic Zone 
(Certain aquatic plants) 


The Principal 


Phragmites communis 


Brasenia Schreberi 


Dominants Rosa multiflora -| Trapa japonica 
Zizania latifolia Potamogeton distinctus 
3 ; ; . | Nubh j | 
Miscanthus sinensis Eleocharis Kuroguwai ae LERNER Se: Biat 
The Main Quercus serrata Scirpus Presli Potamogeton natans 
Accompanying | Salix Gilgiana Oenanthe javanica P. octandrus var. Midu- 
Components Tsachne globosa Hedyotis diffusa hikimo 


Lythrum anceps 

Scirpus Wichurai 

Pleioblastus  pygmaea 
var. glabra 


Ludwigia ovalis 
Sparganium 
serum 
Eleocharis pellucida 
Carex Thunbergii 


stoloni- 


Utricluaria pilosa 
Hydrocharis asiatica 
Nymphaea tetragona 
Hydrilla verticillata 
Myriophyllum spicatum 
M. ussuriense 


The third vegetation type is strikingly different from the first type in massive 


vegetation predominated by such large-stemmed emergent plants as Phragmites and 
Scirpus which spread into the amphiphyte zone of littoral and central areas. Further- 
more, it may be noted that no trace of the aquatic plant can be found in this vege- 
tation type. From these facts this vegetation type will be thought to be a seral stage 
succeeding from the sedge marsh to the reed swamp, proceeding to complete ter- 
restrial vegetation. 

The second vegetation type, if anything, has a resemblance with that of the per- 
manent ponds, which have three zones of the emergent, the floating-leaved and the 
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Table 3. The Vegetation of the Third Type 
The Marginal Part The Littoral Part | The Central Part 
The Principal The Terrestrial Zone The Amphibious Zone 
Vegetation (Certain _ terrestrial 
Change components sensitive 


to inundation) 


The Principal Rosa multiflora Phragmites communis 
Dominants Scirpus Preslii 


Miscanthus sinensis 


Lythrum anceps 


The Main Salix Gilgana Eleocharis mamillata 
Accompanying Populus Sieboldi var. cyclocarpa 
Components Quercus serrata E. pellucida 
Rubus parvifolius Isachne globosa 
Carex Thunbergii Scirpus lineolatus 
Paspalum Thunbergii Ludwigia ovalis 


Paederia scandens 
Lyswmachia Fortune 


submerged plant community, as also seen in most of the lenitic habitats of lakes. 
And this type is distinctly different from the first type by the presence of the large- 
stemmed emergent plants, Phragmites and Zizania, immigrated into the littoral 
amphiphyte zone, and is also remarkable different from the third type by the presence 
of the distinct submerged and floating-leaved plant zones and of the small-and the 
large-stemmed emergent plant communities in zonal arrangement. 


Discussion and Conclusion 


It has been considered that the biotic systems in the fresh water ecosystems 
are remarkably reconstructed by water depth, especially by the fluctuation of water 
depth, which is the most limiting factor in hydric conditions.£67'101315) The writer 
has also recognized in many artificial reservoirs that the bottom communities appear 
distinctly after drainage, and also that those dominants and subdominants have con- 
siderable positive aelation with the depth of the high-water line. Besides he assumed 
that hydrarch is more closely related with the fluctuation of water depth compared 
with other habitat conditions in a reed swamp. It is also detected that the physi- 
cal and chemical characters of soil and water delimit the distribution type of the 
communities in many aquatic ecosystems.!2381112) The writer found that the in- 
clination and the soil humidity will especially delimit the community structure on. 
the littoral areas in a reservoir after drainage. Furthermore, he assumed in the 
preliminary study on a reed swamp, that vegetation in a swamp is considerably 
related to chemical conditions of bottom soil. 

From these facts it may be said that the abiotic factors involved in the basins 
of the reservoirs will be important for the community development, especially for 
the amphiphyte zone on the littoral areas after drainage. 
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The writer, however, thinks the biotic factors including inter-and intraspecific 
correlation are also effective for their community development. Moreover vegetation 
of the hydrospheric habitat has not completely become systematized ecologically 
though three community zones of the emergent, the floating-leaved and the sub- 
merged plants are recognized. Now the present writer made an attempt to analyse 
the communities of these three vegetation types more phytosociologically in detail, 
especially of amphiphyte zones, with reference to the life form system of dominants 
and their components. After adopting the life form spectrum method by Raunkiaer, 
he got such results as shown in Table 4.5’ As being apparent from this table, Hemi- 


Table 4. The Life Form Spectrum in Each Type of Vegetation 


Vegetation Type The First Type The Second Type The Third Tyqe 
pe Sample = 
Lite Forum? —< Pond-Ama Pond-Fuse Pond-O 

Ss 
M.G TB LG 2.3.% 0 % 
M.S 6.0 0 3.9 
M.C 10.9 4,5 11s 
N 10.9 6.8 5.8 
CH 12 0 1.9 
H Medias 31.8 2a) 
G 3.6 0 13.5 
H.D 2.4 18.2 0 
eel Thane 18, 2 Dyes 
Ths 22.9 18.2 9.6 
Th. w 0 0 0 
Number of spp. 83 44 52 


cryptophytes are generally abundant in all these types. This fact proves that the 
vegetation in many fresh-water ecosystems tends to be alternated by Hemicrypto- 
phyte communities with settling of sediments in the basins." The table also indi- 
cates that each type is considerably different from others in the relative components 
of Hydrophytes, Helophytes and Therophytes ; that is, Hydrophytes being most preva- 
lent in the second, Helophytes prevalent in the third and Therophytes prevalent in 
the first type. Generally speaking the second type indicates the intermediate value 
between the first and the third. From these results, the vegetation seems to tend 
to change from the Therophyte type, which has less resistance ability, to the Helo- 
phyte type which is most adaptive for the environmental changes in hydric habitats. 

The writer further made an attempt to analyse transitionary vegetation of all 
components of each predominant community in the first and third type, especially 
the transitionary constitution caused by the development of Helophytes and Thero- 
phytes. The following Figures 1 and 2 show the results of his analysis. From these 
figures it can be seen distinctly that the degree of development of Hydrophytes and 
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Fig. 1. The Life Form Spectrum of all 

Components Involved in each Pre- 

dominant Community of the First Fig. 2. The Life Form Spectrum of all 

Typal Vegetation (Pond-Kasumi) Components Involved in each Pre- 
dominant Community of the Third 

: Pleioblastus pygmaea var. glabra Typal Vegetation (Pond-O) 

: Dimeria ornithopoda var. tenera 

: Lysimachia Fortunei A: Miscanthus sinensis 

: Lobelia chinensis B: Phragmites communis 

: Eleocharis pelluchida C: Scirpus Preslii 

: Myriophyllum ussuriense D: Eleocharis pellucida 


ZoHouowp 


Therophytes has a remarkable diversity in these two types; that is to say, the 
amphiphyte zone of the first type which is occupied by Dimeria, Lysimachia, and 
Lobelia is invaded by abundant Therophytes, and that of the third type which is 
occupied by Phragmites and Scirpus has contrarily very poor Therophytes, although 


Helophytes are poor in the amphiphyte zone of the first type and are abundant in 
that of the third type. 


Table 5. The Classification of Each Vegetation of the Three Types 
with reference to the Life Form Spectrum 


Topogr. 
The Marginal Part The Littoral Part The Central Part 
Type 
. Zone of Zone of Zone of Zone of 
oe ioe Phanero- Hemicry- Hemicry- | Thero- eae raph vkes 
phytes ptophytes | ptophytes | phytes yOropay, : 
Zone of Zone of 
baits Phanero- He micny, ee = fe a " ; 
yP phytes ptophytes a cl SATO Paes 
Zone of Zone of Zone of Helophytes 
iP Rgeh bird Phanero- Hemicry- 
yP phytes ptophytes 
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Consequently it will be noticeable that the amphiphyte zone iS predominated by. 
therophytic components in the first vegetation type, and is predominated by helophytic 
components in the third. He insists also that the interspecific correlation among the 
predominant communities is one of the most effective factors in the ecological suc- 
cession in artificial reservoirs. 

Then he classified the vegetations of reservoirs with reference to life form spec- 
trum as shown in Table 5. He assumes that the preservation degree of Therophytes 
should be controlled by subterranean soil conditions and the interspecific correla- 
tion of germination of Therophytes and that of Helophytes. Consequently, the biotic 
control should be also important for the early stage of the community development, 
particularly of the amphiphyte zone development, after drainage in the artificial 


reServoirs. 


Summary 


1. The analytical studies were made to clarify the community structure after 
drainage, especially of the amphiphyte zone on the littoral areas. Three typical 
types of vegetation are recognized in about thirty artificial reservoirs, in Fukui, Shi- 
ga and Hiroshima Prefectures in Japan, whose basins are dried up in summer. 

2. The first vegetation type indicates the regular zonal arrangement, and is 
characterized by the amphiphyte zone which is predominated by the annual plant 
communities. The second type exhibits the typical vegetation type, which is the 
intermediate structure between the first and the third, as usually found in many 
never-dried up pond vegetations, and its amphiphyte zone is occupied by the com- 
munities of both of the large- and the small-stemmed emergent plants. The third 
type shows the marshy vegetation, and it is most remarkable that its amphiphyte 
Zone which is occupied by the communities of the large-stemmed emergent plants, 
especially by Phragmites, spread out over the central areas. 

3. According to the analytical studies of life-form spectrum, Hemicryptophytes 

generally seem to be abundant in the basins of all three types. Besides, the am- 
phiphte zone of the first type indicates therophytic, of the second shows hydrophytic 
and of the third is helophytic type. 
: 4. The components of Therophytes in each dominant community remarkably 
increase in the amphyiphyte zone of the first vegetation type, though they decrease 
in those of the second type. On the contrary, the helophytic components are mode- 
Patel, poor in the amphiphyte zone of the first type though they are considerably 
Abundant in the second and the third vegetation types. 

Sy Fhe. hydearch which succeeded from the first to the second and ended in the 
thine type will be illustrated in the vegetation among the three types of the arti- 


ficial reservoirs. 
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6. The preservation of seeds of the annuals under the edaphic condition in 
winter, interspecific correlation between the germination ability of annuals, and the 
biotic control of Helophyes to annuals will be effective for the development of early 


stage of the community after drainage in the artificial reservoirs. 
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I. Introduction. In the course of investigations on the flowering response of 
Silene Armeria to various combinations of light and dark periods (19), it was found 
that the light from the Mazda day-light fluorescent lamp of about 200 foot candles 
at the leaf surface can scarcely induce flowering, even when given continuously to 
the plant for ten days. However, incandescent light of 70 foot candle intensity at 
the leaf surface can readily induce flowering. 

Hitherto, many investigations on the effect of intensity and wave length of light 
on photoperiodic induction have been made (2, 3, 4,5, 6.7, 8, 9, 10, 12, 13, 14, 15, 16, 17, 
18,20). The action spectrum of the light required for “light break”’ (short ex- 
posure to light during the dark period which nullifies the induction effect of long 
dark period) in both short and long day plants was investigated in detail by Borth- 
wick et al. (4. 5), and the highest efficiency of red light (ca. 6400 A) was ascertained 
for both groups of plants. On the other hand, light conditions during the light 
period which requires relatively high light intensity (1, 11) remain to be examined 
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in detail. Many workers who investigated influences of intensity and wave length 
of light on photoperiodic induction confined their studies to the supplemental light 
to lengthen the day light period, and analytical research on the high intensity light 
process has scarcely been performed. Recently, Stolwijk et al. reported some speci- 
fic effect of wave length on flowering in a number of plants grown in light of res- 
tricted spectral regions (17, 18). 

In the present investigations, lights of various lamps were examined for their 
photoperiodic efficiency in Silene Armeria with special reference to the high inten- 
sity light process. Artificial light was used exclusively. 

II. Material and Methods. Material used, procedure of experimentation, equip- 
ment used for photoperiodic treatment and the precautions employed, were similar 
to those described, previously (19). 

About one month after the treatment, plants were harvested and carefully exa- 
mined for the initiation of flower primordia at the terminal buds, and developmental 
stages of flower primordia were recorded with the index numbers from 0 to 6 in- 
troduced previously by the present author (19). Stem lengths were also measured 
at the same time. 

Ill. Effect of light of various lamps on flower initiation. Experiment 1. 
Plants were exposed for ten days to continuous light from various light sources. 

Table 1. Flower initiation of Silene Armeria when exposed for 
ten days to continuous illumination of various lamps 


(Sown on October 3, transplanted on December 23, treatment started 
on January 16, and dissected on February 25, 1952-1953) 


Paeieale No. of No. of % of Pope Average 

Light sources the leaf plants eae flowering number ee 

a ner observed flower plants ecoraie in mm 
EES eer ce) han Sc 
FL-20D x3 200 48 2 4.2 0.1 9.2 
FL-20pk x 3 130 47 40 85.1 250) 43.3 
IL-60 70 42 42 100 3.5 48.9 
IL-20 30 45 40 88.9 cee bar 59.3 
FL-20D x 3+IL-60 270 45 45 100 3.6 80.5 
FL-20D x3+IL-20 230 32 32 100 3.8 38.5 
FL-20D x 2+FL-20pk + IL-20 210 47 47 100 S00) 55. 0 


IL-60: Mazda incandescent lamp of 60 watt. 

IL-20: Mazda incandescent lamp of 20 watt. 

FL-20D: Mazda day-light fluorescent lamp of 20 watt. 

FL-20pk: Mazda pink fluorescent lamp of 20 watt. 

FL-20D x2+FL-20pk+IL-20: Two FL-20D, one FL-20pk and one IL—20 were used together. 
These abbreviations for light sources will be used hereafter. 
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The results are shown in Table 1. When FL-20Dx3 was used for illumination, 
only 2. out of 48 plants initiated flower primordia, but when incandescent lamp (IL- 
20 or IL-60) was used, in spite of its low luminosity, many plants initiated flower 
primordia. In other similar experiments, which are not represented in the present 
paper, similar results were obtained. Light of FL-20D x 2+ FL-20pk+IL-20 was used 
in previous experiments (19) because of its high efficiency and low heat radiation. 

The energy distribution spectrum 


FL-20D er 


of each lamp ‘is shown in Fig. 1. 
Light of incandescent lamp contains 
relatively abundant light of long 
wave length, but that of FL-20D 
contains a small amount. It may 


Energy 


be assumed that the low efficiency 
of FL-20D is due to the deficiency 
of red light. Light of FL-20pk 
contains abundant light of long 
wave length (6000-6500 A), and 
consequently 40 out of 47 plants 


initiated flower primordia when ex- 


ee. posed to the light of three tubes of 


this lamp. In this place, it should 


Energy 


be noticed that one IL-60 was more 
effective than FL-20pkx3 despite 
of its low luminosity. It is, there- 
fore, conceivable that either the 


409 500 600 700my = light of long wave length (longer 


Fig. 1. Energy distribution spectrum of fluores- than 6500 A) is effective, or the 
cent lamps and incandescent lamp. light of short wave length emitted 
(After Tokyo Shibaura Electric Co. Ltd.) characteristically from fluorescent 
lamp is inhibitory, or the flickering of light of fluorescent lamp is inhibitory to 
photoperiodic induction. The second alternative seems to be not probable because 
of the high efficiency of the light of FL-20D+IL-60 or FL-20D+IL-20 (Table 1). 
The third alternative is highly probable, since the flickering of FL-20D, FL-20pk 
and IL-60 (55%, 20% and 10%, respectively*) is inversely proportional to the percen- 
tage of flowering plants induced by the light of these lamps (4.2%, 85.1% and 100%, 
respectively). To investigate this possibility the following experiments were per- 
formed. 


* Flickering of light is expressed ‘as follows. 


Fiekerine(o x (max. light value)—(mean light value) 


(mean light value) BAN’ 
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IV.. Effect of intermittent light on the flower initiation. Experiment 2. 
Light of Mazda incandescent lamp of 60 watt was supplied intermittently with the 
use of stroboscopic filter. The intermittent frequency was adjusted to the flickering 
of light of fluorescent lamp (120 cycles/sec.) (Fig. 2). 

Plants were exposed to this light. for 
10 days, and their flowering response was ap 
compared with those exposed to uninter- | | ig te 
rupted light of IL-60 with the same inten- 
sity at the leaf surfaces. Results are 
shown in. Table 2. Between these two 


lots, no significant difference in their flower- Plants a 

ing response was found. Perey ioe 
Experiment 3. Three FL-20D were ve 

used, each lamp being connected in different 

phase by the use of three-phase current. Fig. 2. Equipment used to interrupt 

With this procedure, flickering of the the light of Mazda incandescent lamp 


combined fluorescent lamps was largely of 60 watt. 


eliminated, becoming less (7%) than that 


Table 2. Effect of intermittent light on photoperiodic induction 


(Sown on September 23, transplanted on November 19, experiment started 
on December 5 and dissected on January 8, 1953-1954) 


Average 


anki No. of No. of % of sta Average 
Light conditions the leaf plants pea flowering number creat 
f fl : 
_ ae observed flower plants eararente in mm 
Intermittent light of IL-60 
(120 cycles/sac.) . 30 45 13 28.9 0.7 Wg}, 5) 
Pe itecmiltent,.ent of | 30 46 18 39.1 0.7 15.1 
Table 3. Effect of flickering of light on photoperiodic induction 
(Sown on September 23, transplanted on November 19, experiment started 
on December 11, and dissected on January 19, 1953-1954) 

dntensity © Movoto. of >. % of - ASer SBS. “Average 
Light conditions the leaf plants oe flowering 4 eats ree et 
ae observed flower plants anes in mm 


FL-20D x3, each connected 
in different phase current. 200 48 2 4.0 Or 2 9.6 


(Flickering 7%) 

FL-20D x3, connected to 
single phase current. 200, 45 0 
(Flickering 55%) 

FL-20D x 3+IL-60 270 45 45 100 4. A 80.5 
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of the incandescent lamp (10%). Plants were exposed to this light for ten days 
and their flowering response was compared with the flowering response manifested 
by the control plants exposed to the light of three FL-20D connected in parallel to 
a single phase current. The results indicated no significant difference in flowering 
response between the two lots (Table 3). These results would exclude the third 
alternative above described, and the low efficiency of light of fluorescent lamp (FL- 
20D or FL-20pk) as compared with that of incandescent lamp may be due to the 
lack of longer wave lengths (longer than 6500 A) which seem so effective in pho- 
toperiodic induction. 

V. Flowering response induced by the light of FL-20D x2 supplemented with 
that of IL-20. Experiment 4. Plants were exposed to the following light conditions 
for 10 days: 


1) Continuous illumination of FL-20Dx2 

2) Continuous illumination of IL-60 

3) 16 hour light period of FL-20Dx2-+I1L-60 followed by 8 hour dark period 

4) 16 hour light period of IL-60 followed by 8 hour dark period. 

5) Continuous illumination of FL-20Dx2, supplemented daily with 16 hour 
illumination of IL-60 

6) Continuous illumination of FL-20Dx2 supplemented daily with 8 hour illu- 
mination of IL-60 

7) 8 hour light period of FL-20Dx2+IL-60 followed by 16 hour dark period 


Table 4. Flowering responses of Silene Armeria when exposed 
to various light conditions for ten days. 


(Sown on September 23, transplanted on November 25, experiment 
started on December 13, and dissected on January 22, 1953-1954) 


No. of No. of ~*~ °% of fares Average 
Light conditions plants Se flowering number panies 
: of flower : 
observed flowers plants primordia in mm 
ca cree AR 8 a 
ee ee ee eee _ 40 0 0 0 12.3 
2 45 45 100 2.6 55. 3 
} ee eee sone 2 oath) tas a 46 11 23.9 0.5 18. 2 
4 ie a 46 7 15.2 0. 2 14.0 
16 8 
5 Se 1 48 33 68. 7 13 PA be 
a a 14.9 Ore 2132 
8 16 
ily ape Lsaianeiicisieeatemeeaaes 48 0 0 0 9.8 
SS Light of [L-60 
Oe an ea a ee Light of FL-20D x2 


ERE MT 
Darkness 
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The results are shown in Table 4. Light of FL-20Dx2 did not induce flowering 
while that of IL-60 did. The light of IL-60 supplemented with FL-20D x2 was more 
effective in inducing flower initiation than that of IL-60 alone. That in the 5th lot 
a higer percentage of flowering plants is obtained than in the 3rd lot would mean 
that the light of day-light fluorescent lamp can suppress the inhibitory effect of 
darkness to some extent. Similar effect of FL-20D can be found when the flowering 
response of the 6th and the 7th lots is compared. It is also of interest that 8 hour 


Table 5. Flowering responses of Silene Armeria when exposed 
to various light conditions for ten days. 


(Sown on September 23, transplanted on November 10, experiment 
started on December 1 and dissected on January 11, 1953-1954) 


No. of No. of % of Average Average 

lants stage length 

Light conditions plants ie flowering number of ie ies 
observed flowers plants A take in mm 

pe omiig sok 20 8 40 0.8 21.4 
faba = - 24 4 16, 7 0. 3 20.7 
a ee 20 0 0 0 tHe2 
20 18 90 2.0 52.9 


ed Light of IL-20 


Geet ee ret ee ene 4 Light of FL-20D x2 


Table 6. Flowering responses of Silene Armzria when exposed for 10 days to continuous 
illumination of :FL-20D x2 supplemented daily with IL-20 of various durations. 


(Sown on September 26, transplanted on October 30, treatment started 
on November 13 and dissected on December 26, 1955) 


Average 


No. of No. of % of eres Average 

Supplemental light plants plants dowerihe irintndt ee 
period in hours with of Hower of stems 
observed flower plants péimordia in mm 

0 48 0 0 0 Sal 

4 47 0 0 0 al) 

8 49 9 18. 4 0.3 13.4 

12 49 ily 34.7 0.7 21.2 

16 49 25 50. 4 ard 30.9 

20 48 47 97.9 2.4 ayer 

24 48 48 100 2.8 40. 1 
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light period (less than the critical day length of this plant——10—12 hour (19) 
——) of IL-60 +FL-20D~x2 can induce flowering if followed by 16 hour light period 
of FL-20D x2. 

Experiment 5. In Experiment 5, treatments similar to those made for the Ist, 
2nd, 5th and 6th lots of Experiment 4 were made using IL-20 instead of IL-60. 
Similar results to those of Experiment 4 were obtained (Table 5). 

Experiment 6. In this experiment, plants were exposed to continuous illmina- 
tion of FL-20Dx2, and in addition 0, 4, 8, 12, 16, 20 and 24 hours light of IL-20 
was given as a daily supplement. Table 6 shows the results. 

Supplemental 4 hour light 
of IL-20 did not induce flower 
but with the increasing duration 
of the light of IL-20, percentage 
of plants with flower primordia 
and average stage number of 
flower primordia increased 


showing sigmoid curves, res- 


% of plants with flower primordia 


pectively (Fig. 3). 
The question now arises 
whether the promotion of 


Average stage number of flower primordia 


fluowering by IL-20 is due to its 


Supplemental light period of IL-20 in hours. nullifying effect of the inhibitory 
% of flowering plants action of dark period, or it is 
due to a positive flower-pro- 


wore ------ Average stage number of flower primordia 


moting one. As has been des- 
Fig. 3. Floral induction of Silene Armeria under P 3 : 
continuous illumination of FL-20Dx2 i pict ae ce Uae 4), light 


supplemented with daily illumination of FL-20D x2 seemed to nullify 

with various lengths of IL-20. the dark effect to some extent, 

but it is also conceivable that 

IL-20 acts more strongly. In the following experiments the effectiveness of these 

two light sources on the “light break” which is believed to nullify or diminish the 
inhibitory action of the dark period was examined. 

VI. Effectiveness of FL-20Dx2 and IL-20 in light break. Experiment 7. 
Plants were divided into three lots, two of which were exposed to an 11 hour photo- 
period by the use of FL-20Dx2+IL-20. In addition to this, the first lot was exposed 
to FL-20Dx2, and the second to IL-20 each for 1 hour at the middle of the dark 
period. The third lot served as the control to which 12 hours of FL-20Dx2-+IL-~20 
and 12 hours of uninterrupted darkness were given. . Quite similar “ light break ’”’ 
effect was observed for FL-20D x2 and IL-20 (Table 7, Series 1). 

In another experiment the photoperiodic cycle consisted of 10 hour light follow- 
ed by 14 hour darkness, and 1 hour “light break” was given 7 hours after the be- 


October 1957 Bot. Mag. Tokyo, Vol. 70, No. 832 319 


Table 7. Light break. effect of FL=20D x2 and IL-20. 


Experi- No. of No. of % of baba Average 
mental Tp plants ; ph pese length 
a reatment plants : flowering number 
series . 4 Pita. Fe ie maces of stems 
9 serve owers plants primordia in mm 
int 6 1 6 
bo>==>——— bee pees 35 20 57, 1 AG 34,9 
l 11 6 1 6 
Rao = eee - Se 35 20 57, 1 1.3 41.3 
12 12 
basso 34 9 26.5 0.4 40.5 
10 7 1 6 
 — 31 20 64. 5 1.9 29.5 
10 7 1 6 
bas > eee — — ee 27 22 81.0 Pas) 24,2 
I 10 7 1 6 
cet fs 29 21 72.5 2.0 20.0 
10 14 
ee Light of IL-20 
Se Re clare ee Semi iene i Light of FL-20D x 2 
STE Darkness 


ginning of the dark period. In this experiment, also, no significant difference in ac- 
tion between both kinds of light was observed (Table 7, Series II). Therefore, it 
may be concluded that the light of FL-20D~x2 can suppress the flower inhibitory 
effect of dark period to the same extent. as that of IL-20. 

VII. Discussion. Light of FL-20Dx3 can hardly induce flowering when suppli- 
ed to the plants for ten days, whereas IL-20 can do so readily, and the former is as 
effective for a light break as the latter. Therefore, the flower-promoting effect of 
IL-20 may be considered to be a positive one, not a nullification of the inhibitory 
effect of the dark period. 

Borthwick and Parker reported the highest efficiency of red light (ca. 64C0 A) as 
a “light break” in some long- and short-day plants (4,5). Light of FL-20D contains 
only a little red light but is effective for a light break to the same extent as that 
of IL-20, which contains abundant light of long wave length. As only a very low 
energy is required for the light break, sufficient energy must be contained in the 
light of FL-20D~x 2. 

Light of FL-20pk contains abundant light of long wave length (6000-6500 A) but 
is less effective than that of IL-60. It may be supposed that light of still longer wave 
length is more effective for flower induction (Exp. 1 and 2). Withrow and Benedict 
examined the photoperiodic efficiency of artificial light used to lengthen the day light 
period in Viola tricolor, Matthiola incana and Callistephus chinensis and concluded 
that the photoperiodic mechanism has a maximum spectral sensitivity in the vicinity 
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of 6500-7200 A (20). Stolwijk et al. reported a positive photoperiodic effect of infra- 
red radiation in Hyoscyamus and Cruciferae (17,18). The same may also be true in 
Silene Armeria. 

As has been reported in the previous paper (19), if the light period is shorter 
than 12 hours, flower initiation of Silene Armeria does not occur when the following 
dark period is continued for 14 hours or more, but if the light period is 14 hours or 
more, flower initiation occurs even when the following dark period is extended longer 
than 24 hours. A dark period continued for 14 hours or more may destroy the flower 
promoting effect of the preceding light period during which light of long wave length 
may be required. Assumingly flower-promoting effect established in a light period 
longer than 14 hours would be too stable to be destroyed readily by the subsequent 
long dark period. 

In the present experiments, stem lengths were also estimated. A rather vague 
proportionality is seen between the stem elongation and the flower induction, but the 
relation is yet uncertain. 

VIII. Summary. 1) The light of FL-20D (Mazda day-light fluorescent lamp of 
20 watt) can hardly induce flower on Silene Armeria when supplied to the plant for 
10 days. But the light of IL-20 (Mazda incandescent lamp of 20 watt) or the combi- 
nation of FL-20D and IL-20 can readily induce flowering. 

2) Flickering of light has no marked effect on the photoperiodic induction. 

3) Light of FL-20pk (Mazda pink fluorescent lamp of 20 watt) which contains 
abundant light of 6000-6500 A is less effective than that of incandescent lamp com- 
prising abundant light of longer wave lengths. 

4) If during the continuous illumination with FL-20D~x2, additive illumination 
with various durations of IL-20 was supplied daily, flower initiation in percentage 
increased, following a sigmoid curve, with the increasing duration of supplemental 
illumination, 

5) Light of both FL-20Dx2 and IL-20 shows the same effect when used as a 
light break. 

6) It is concluded that the light of IL-20 with its higher content of longer wave 
lengths would have a positive flower-promoting effect and that the lower effectiveness 
of the light of FL-20D may be due to the lack of light of long wave length. 


Grateful acknowledgment is made to Professor S. Imamura and Professor A. W. 
Galston for their suggestions and criticisms. 
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As has been reported in a previous paper (5), Silene Armeria is scarcely induced 
to flower when exposed continuously to the light of day-light fluorescent lamp for 
ten days at the luminosity of about 200 foot candles at the leaf surfaces; but 
induced readily by the light of incandescent lamp of 30-70 foot candles. Eight hour 
illumination from the day-light fluorescent lamps supplemented with the incandescent 
lamp is insufficient for flower initiation when followed by 16 hour dark period (5), 
but it is sufficient when followed by 16 hour light of day-light fluorescent lamp 
which has little inductive effect in itself. In those experiments, photoperiodic 
treament was continued for ten days or more, accordingly, it is also conceivable 
that the 8 hour light of day-light fluorescent lamp plus incandescent lamp preceded 
by the 16 hour light of day-light fluorescent lamp will be the inductive cyclic unit. 

The present investigation was done to determine whether the 8 hour light 
period of supplemental incandescent lamp followed or preceded by illumination from 
the day-light fluorescent lamp is an effective cyclic unit for flower initiation. 


Material and Methods 


Materials, procedure of experimentation and the precautions employed were the 
same as those described in previous papers (4, 5). The energy distribution of the 
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(amps used in the present investigation was also described in the previous paper 
(5). In every case, two Mazda day-light fluorescent lamps of 20 watt (FL-20Dx2; 
140 f. c. at the leaf surfaces) and/or Mazda incandescent lamp of 20 watt CIL-20; 


30 f. c. at the leaf surfaces) were used as the light sources. 


Experimental Results 


I: Flowering responses under 18 hour photoperiod of FL-20D x2 supplemented 
with IL-20 during the first or the last 8 hours of light period. 

Experiment 1. Three lots of plants were exposed to long days consisting of 18 
hour light period of FL-20Dx2 and 6 hour dark period for 12 days. The first and 
second lots were supplemented with the light of IL-20 during the first and the last 
8 hours of light period respectively. The third lot was supplemented with the 
incandescent lamp throughout the light period. 


Table 1. Flowering responses of Silene Armeria under 18 hour photoperiod 
of FL-20D x2 supplemented with the light of IL-20 during the 
first or the last 8 hours of light period. 


No. of No. of % of pao Average 
plants plants length 
Treatment plants with With fovea OF ateme 
observed flowers flowers Beteserighy Yh in mm 
10 8 6 
Reyseieyte co gee ed ee 32 32 100 Sac 63.2 
8 10 6 
Exspj.6 eee os ee (rears) 34 19 50, 2 1.4 50. 2 
18 6 
'$====> == 34 34 100 3.6 70.7 
18 6 
Ree eee ee =a 70 0 0 0 8.1 
18 6 
— 68 3 4.4 0.1 13.2 
8 10 6 
Exp. 20 eeeseet Sea 65 0 0 0 8.7 
10 8 6 
en | 70 16 22.8 0. 4 15.1 
18 6 
eee | 69 51 13.9 14 31.1 
ios ss bos ee cee aoe Light of FL-20D x 2 
oe Light of IL-20 
io Sa Darkness 


Results are shown in Table 1 (Exp. 1). In the first and the third lots, all plants 
initiated flower primordia but in the second lot, in which the supplementary light 
was given during the first 8 hours, only 19 out of 34 plants initiated flower primordia. 
It is evident that the supplementary light of IL-20 is more favorable for flower 
induction when given in the last than inthe first 8 hours of light period. This 
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phenomenon will be more clearly indicated in the following experiment. 

Experiment 2. Five lots of plants were subjected to 18 hour light period followed 
by 6 hour dark period for 14 days. Light sources used in each lot were as 
follows: 1) FL-20Dx2, 2) IL-20,3) FL-20Dx2 supplemented with IL-20 during the 
first 8 hours of light period, 4) FL-20D x2 supplemented with IL-20 during the last 
8 hours of light period, 5) FL-20Dx2+IL-20 (Table 1, Exp. 2): 

Plants of the third lot did not initiate flower primordia but 16 out of 70 plants in 
the fourth lot initiated. Plants exposed to the light of FL-20D x2 could not be induced 
to flower, while 3 out of 68 plants exposed to the light of IL-20 and 51 out of 69 
plants exposed to the light of FL-20Dx2+IL-20 were induced respectively. 

From these experiments, it is supposed that light process may be divided into 
two partial processes, one of which is favored by the light of incandescent lamp which 
comprises abundant light of long wave lengths, and must be preceded by another 
one which proceeds favorably under the light of FL-20D x2. 

If this is ture, similar results will be obtained when the light of FL-20D x2 is 
switched off during the supplemental light period of IL-20. This possibility was 
examined. 

II: Flowering responses under 18 hour photoperiod consisting of 8 hour light 
period of IL-20 followed or preceded by 10 hour light period of FL-20D x2. 


Table 2. Flowering responses under 18 hour photoperiod consisting of 8 hour light 
period of IL-20 followed or preceded by 10 hour light period of FL-20D~x 2. 


No. of No. of - % of  “¥8TA8° Average 
plants ; 8 length 
Treatment plants with oer rower ims.| number ny ser as 
observed flowers plants oraet in mm 
8 6 
eae: Rs jpanaidbcrtee MSY. 0 0 0 14, 0 
2h ale ee 34 33 97.1 2.5 37. 2 
10 6 
OU! Ea ae ae a eee 1 3.0 0.0 14.9 
Is & 18 pie, GD ys 30 23 76.7 0.8 25.1 
8 10 6 
ee a 30 10 33.8 0.8 23.0 
s 2 eal 27 18 66.7 1.5 36. 1 
18 6 
Bchaies. Tre Fete are 28 0 0 0 20.1 
8 30 12 40.0 1.0 24. 1 
nee 
ue 8 29 29 100 2.3 42.2 
SS ee 
oe eel Light of FL-20D x 2 
Set Light of IL-20 


EE Darkness 
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Experiment 3. Four lots of plants were subjected to 18 hour light period followed 
by 6 hour dark period for 14 days. Lamps used for illumination were: 1) FL-20D 
x2, 2) FL-20Dx2+IL-20, 3) IL-20 of 8 hours followed by FL-20Dx2 of 10 hours, 
4) FL-20Dx2 of 10 hours followed by IL-20 of 8 hours. 

Twenty-three out of 30 plants subjected to the light of IL-20 after illumination 
of FL-20Dx2 initiated flower primordia, but only 1 out of 33 plants flowered when 
exposed to the light of the same sources in reversed order (Table 2, Exp. 3). 

Experiment 4. A similar experiment but with one additional lot which was ex- 
posed to 18 hour light period of IL-20 followed by 6 hour dark period, was repeated, 
and similar results were obtained (Table 2, Exp. 4). 

In this experiment, the lot exposed to the 18 hour light period of IL-20 showed 
less flower initiation (flowering plants, 40%) than the lot exposed to 10 hour illu- 
mination of FL-20Dx2 followed by 8 hour illumination of IL-20 (flowering plants, 
66.7%). Although the difference. observed in this case was rather small, it was 
clearly confirmed in the following experiments. 


Table 3. Flowering responses of Silene Armeria under 18 hour photoperiod. 
consisting of various light periods of FL-20Dx2 followed by 
supplemental light period of IL-20. 


No. of No: of % of ys coe Average 
plants plants length 
Treatment plants with with PA of stems 
observed _ flowers flowers primordia in mm 
14 4 6 
en eee eee —— 35 5 14.3 OF p Pars 
9 9 6 - 
pola eRe og ees 3a 32 91.5 Naps 28.0 
4 14 6 
ee rr 385 32 91.5 10 PAIS 


(te 33 19 57.6 1.2 32.7 
bee a Light of FL-20D x2 
a) Light of IL-20 


oO SR Darkness 
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III: Flowering responses under 18 hour photoperiod consisting of various light 
periods of FL-20D~x2 and IL-20. 

Experiment 5. Plants were subjected to 18 hour light period followed by 6 
hour darkness for 13 days, the light period being divided into two periods using FL~ 
20D x2 and IL-20. In three experimental lots the light of FL-20D x2 was followed 
by that of IL-20 of various durations, that is, 1) 14 hour light period of FL-20Dx2 
followed by 4 hour light period of IL-20, 2) 9 hour light period of FL 20D x2 followed 
by 9 hour light period of IL~20, 3) 4 hour light period of FL-20Dx2 followed by 
14 hour light period of IL-20. Three control lots were subjected to 18 hour light 
period of FL-20D x2, IL-20 and FL-20Dx2+IL-20 respectively (Table 3 Exp. 5). 

The plants subjected to the light of IL-20 for 4, 9 and 14 hours preceded by 14, 
9 and 4 hours of illumination with FL-20Dx2 initiated flower primordia on 14.3, 
91.5 and 91.5% of the plants respectively. Out of the plants subjected to 18 hour 
light period of IL-20 followed by 6 hour dark period 64.7% of them initiated flower 
primordia. In another experiment, similar results were obtained as shown in Table 
onexp.. 6 

When the light period of FL-20Dx2 was followed by that of IL-20, reiatively 
longer periods of the latter seem to be favorable for the flower initiation. 

The lot subjected to the 18 hour light period of IL-20 was induced to flower 
significantly less than the lots exposed to 9 or 4 hour light period of FL-20Dx2 
followed by 9 or 14 hour light period of IL~20, respectively (cf. II, Exp. 4), suggesting 
that the light period comprises two separate processes; the first process proceeds 
more readily under the light of FL-20Dx2 than under that of IL-20, and the other, 
the second process, is favored by the light of IL-20. 


Discussion 


Experiments reported in the previous paper (5) show that the flower promoting 
effect of the light of incandesent lamp which comprises abundant light of long wave 
lengths, is a positive one, that is, the light does not act by removing the inhibitory 
effect of darkness but by bringing about a stimulative effect for flower initiation. In 
the present experiments the light of an incandescent lamp was found to be more 
effective when preceded by the light of FL-20Dx2 than when followed by it. 

The separation of the light process into two partial processes seems to be 
reasonable. The first process seems to require relatively high intensity light and 
effectuate the following second process which seems to give rise to a positive flower 
promoting effect and requires the light of relatively long wave length. 

Both of these light processes are considered to differ from so called “low in- 
tensity light process” (1, 2, 3) which nullify or diminish the dark reaction, since 
the light of incandescent lamp and that of day-light fluorescent lamp are equally 
effective for light break (5), whereas, as seen above, they act in so different ways 


in the above mentioned two light processes. 
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In the present paper emphasis was laid on the positive flower promoting effect 
of light, but the flower inhibitory effect of dark period must also be taken into 
consideration for elucidating the photoperiodic response of this plants (4). The 
extent of inhibition of the dark period may be different according to the light 
sources preceding it. From the present and other preliminary experiments, it appears 
that the dark period preceded by the light of FL-20Dx2 is more inhibitory for 
flower induction than that preceded by the light of IL-20. 

By the way, light of day-light fluorescent lamp seems to be a good light source 
for photosynthetic process, and the first process above mentioned is supposed to be 
related to photosynthesis. 


Summary 


Silene Armeria can hardly be induced to flower when exposed to 18 hour light 
period of Mazda day-light fluorescent lamp of 20 watt (FL-20D) for 14 days, but 
can readily initiate flower primordia if an 8 hour light of incandescent lamp of 20 
watt (IL-20) is supplemented daily. The supplementary light of IL-20 is given 
more effectively in the last than in the first 8 hours of light period. 

The 18 hour light period is given as a combination of 8 hours of IL-20 and 
subsequent 10 hours of FL-20D. An illumination sequence : FL-20D—IL-20 is more 
favorable for flower initiation than the reversed one. 

The FL-20D treatment followed by the IL-20 appears to be more favorable for 
flower initiation than the IL-20 alone. 

From the above facts, the flower promoting light period is postulated to be 
separated into two processes, one of which proceeds favorably under the light of day- 
light fluorescent lamp and effectuates the following process which gives rise to a 
flower promoting effect and is favored by the light of incandescent lamp comprising 
abundant light of long wave length (longer than 6500 A). 


The author wishes to express his best thanks to Prof. S. Imamura and Dr. A. 
W. Galston for their valuable suggestions and criticisms. 
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In the course of the study on the sexual reproduction of a unicellular green alga, 
‘Chlamydomonas sp. 24 which was isolated by the present author, this organism was 
found to have some different sexual behaviour than those which have been reported 
in other species. The present species is isogamous and heterothallic; complementary 
mating types have been arbitrarily designated as “plus ”’ and “ minus”, and its mor- 
phology has already been described (23). The following observations specifically 


relate to clump-formation and chemotaxis in the initial mating reaction of Chlamy- 
domonas sp. 24. 


Methods 


a) Cultivation of the organism 

Sexually active gametes of Chlamydomonas sp. 24 can be obtained by the follow- 
ing cultivation. The method of the early report (23) was modified by a personal 
suggestion from Dr. Franz Moewus. Though not all the following method is just the 
same with his own, yet it seems to be better than the one described before in this 
species to get almost synchronous culture with sexually active gametes. 

Vegetative cells of each mating type are separately grown on the agar slants of 
the following medium MAC. 


Medium MAC contains per liter of dist. water; 


INET Oravg ts goevecrrmes tt Neeser. +3 0.25 g Microelements ; 

ISIS OSTA GIO? sree seocenene-ecdoreodente Oni7ore FigBOs. cco cacao eee sces il eae 
TRIE ej MOY masohoasee eenaane poateapeodste ce 0.175¢ ZNSO sO nen we cceceneneenr re Sane: 
TRIBE OV och tchapeeretan eer ocaind cabaee 0.075¢ MnCip-4oO i. cetctme ee steesss. 0.4 mg 
(ORY G) GeVA SAO senond ene nop arnoneanonieara: 0.05 g GoGCls-GHoOz. necmach. eeetecace nace 0.2 mg 
IN AUG eet coe ese cha rcteceule sasene 0.025g H3P03-:12M003-6H20 ............ 0.2 mg 
Fe(NH4)2H(CgH507)2 «.....-ee eee ORO fea CusQ4:5Es ON, sn cesee eter 0.04 mg 
Sodium Citrate mye... sarsoste ove nese 0.5 g 

Sodium: Acetate... caccs.d-cicesenen ss: 1 g 


MAC-Agar is prepared with 1% Agar. 


* Contribution from the Biological Institute, Faculty of Science, Kobe University No. 47 


REM, ABs 407080 wee 
_ ** Biological Institute, Facutly of Science, Kobe University, Kobe, Japan. (HAS Sh Ee ss 


328 ii ty 2% Me He «70H w 832 3 Mma 32 4 10 # 


At the begining of the experiment, the cultures were transferred into water to 
make dense suspension. After almost all the cells became motile, each three drops 
of a single mating type were spread over widely on MAC-Agar plate. Cultivation 
was continued for 10-14 days under constant illumination from fluorescent tubes (white- 
light, ca. 4000 lux) at ca. 23°C. At the end of this period the cultures were flood- 
ed with the medium MA-N which is described below. 


Medium MA-N contains per liter of dist. water ; 


IMS Oya (oO) eee eenceen, eee eter 0.175¢ INAGIE, Sree seesth tarnarecwase Minomeec ane 0.025 g 
RK HoPO poet his dette uae 0.175¢g FeSO 7HoOwen ieee. ae. ee 0.01 g 
KEL PO yy a <edat eta canes count nes ee 0.075 g Sodium) Acetatesc.s-<sseree scree ee 0.5 g 
CaCl ef HoO erates sa,..ccresteicns esate 0.05 g Microelements; all the same with MAC 


Then they were carried into the dark and kept there for about 16 hours at ca. 
23° C. Many sexually active gametes were gained by removing the dark culture to 
the light and illuminating them for 30 minutes or so. 

b) Vital staining 

As similar as some other Chlamydomonas, this species is also isogamous and 
heterothallic, the two mating types are morphologically indistiguishable each other. 
So that it was necessary to make an indicator in order to see the difference of sexual 
behaviour between each mating type. The method of vital staining was used: Neu- 
tral red was prepared at a concentration of 40 mg in one liter of MA-N medium, and 
was provided to the culture before the dark period started. Vitally stained cells 
always carried red marked particles, presumably of volutin granules, in the proto- 
plasm (PI. I-E, F). The motility or the sexual activity is thought not to be injured 
by the treatment. This dye is quite beneficial to apply in such a work: Lewin (9) 
also used it as an indicator for another purpose and reported the same concentration 
had no appreciable effect on the growth of Chl. moewusit. 

c) Chemotaxis 

Pfeffer’s capillary method (17) was used, capillary tubes were prepared as to have 
a diameter of 1/4 or 1/5mm and at one end closed. Test material could easily be 
replaced with the air in the capillary by suctioning out the air from the tube. Then 
the tube was placed into algal population on a slide glass. Observations were made 
under microscope in the laboratory conditions. 


Results 


a) Clumping and pairing 

In a single culture either of plus or minus mating type, each individual gametes 
are only propelling in random directions (Pl. I-A). When dense suspensions of two 
mating types are mixed, clearly remarkable clumps composed of much more cells are 
built up in a few minutes (Pl. I-B) as have been realized in lots of Chlamydomonas 
species (2, 3,8, 13,20). Within a clump it looks as if they were hitting each other 
with their flagella. But in the sparsely populated culture the cells associate in smaller 
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clumps as has been observed in other species (8, 13). 


By continuous observation, it was found that a single rh oe 

cluster could produce more than one couple of the 

gametes (PI. I-C). In a short time of their recurring 

acute hitting each at flagella, the two copulants become 

to fuse and be linked tightly together by a thin proto- ae el 
plasmic bridge at their anterior ends where flagella are Fig. 1. Mating pair and its 


motility direction 


originated (Fig. 1). 

Once a mating pair. is formed it remains still its motility for about few hours 
until the flagella are withdrawn; during this period it does not move foreward and 
backward, but only in one direction as was the case of an individual cell. This was 
just as like as reported by Lewin (7,11) in Chl. moewusii; only the one partner of 
the copulants which has been designated as “plus” remains to beat its flagella and 
is responsible to the propulsion of the mating pair. The minus partner is then 
always being carried backward. Such a difference of behaviour in the motility was 
noticed in the present study by making copulation between vitally stained plus and 
non-stained minus, and vice versa (Fig. 1 & Pl. I-F). 

Hutner and Provasoli (6) described the clumping occurred between cells killed by 
gentle heating or other agents and living cells of opposite mating type. Such was 
found also in the present species: Similar clumps are built between the plus cells 
killed by osmium vapour and alive minus cells, and also in the reciprocal case (PI. 
I-D,E). Now in this case, however, yielding no mating pair, the cluster collapses 
gradually, and each cell is released in time. Therefore the accomplishment of real 
pairing would be a further separte step. 

b) Chemotaxis 

As mentioned above, clumping was realized to occur in this species between dead 
cells and living ones of the complementary mating type, further experiment was de- 
signed to examine a hormonal mechanism such as has already been described by 
Moewus (15) with Chl. eugametos. 

Cell free filtrate of the cul- plus minus plus minus 
ture is get ready by centrifuga- 
tion and filled up ina capillary 
tube. Among all the combina- 
tions which were tested, the 
characteristic of positive chemo- 
taxis took place solely in one 


case, i. e. plus cells are definitely filtrate of Plus culture filtrate of minus filtrate 
attracted to the filtrate of minus Fig. 2. Chemotaxis of gametes to the filtrate 
paltaes (Fig. 2-C & Pl. IJ-B,C). But in contrast, no appreciable change occured in 
the case of minus gametes to the filtrate of plus culture (Fig. 2~b & Pl. I-A). Ap- 
parently the minus gametes exclusively secrete chemotactic agent in the medium. 
Although the secretion from the plus cell appeared to be negative, preliminary 
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minus observation recorded the occur- 


plus minus plus 


rence of clumping between dead 
plus and alive minus cells. 
Therefore it was necessary to 
see the relation between clump- 
ing and chemotaxis. In the 
following experimental series, 


capillary tubes were filled with 
Fig. 3. Interaction between alive plus and minus living or killed cells. 

es At the first place, the rela- 
tions between both living gametes are drawn in Fig. 3. Whena capillary which con- 
tains alive minus cells is placed into the plus culture, the plus gametes are chemo- 
tactically gathered to the mouth of the tube and enter it, then they make clumps 
with the minus cells inside the tube (Fig. 3-c & Pl, II-D,E). The minus cells do not 
noticeably pass out of the tube. But in the reciprocal case, the plus gametes actively 
swim out of the tube and make clumps outside where minus gametes are swimming 
(Fig. 3-b & Pl. II-F). Places where clumps are built are quite distinctive in the two 


cases. 
alive plus alive minus alive plus alive minus In Fig. 4 and Fig. >, further 


relations between alive and kill- 
ed gametes are drawn. When 
a capillary which contains dead 
minus gametes is placed into 
alive plus culture, the latter 
gametes chemotactically enter 


E a ee 


dead minus 


dead plus 
the tube and clumps are _ built 
up inside the tube (Fig. 4-c & 
Pl. III-A). But if a capillary containing dead plus is placed into the alive minus, 
no or occasionally little clumping occurs only at the mouth part of the tube (Fig. 4- 
b & Pl. III-B). This would invole no chemotactic mechanism. Such little clumping 
would be caused merely by the random contact and adhesion or by something like 
thigmotaxis of swimming minus cells to the plus ones which were thrown out of the 


Fig. 4. Interaction between alive and dead gametes (1) 


dead plus dead minus dead plus dead minus tube. As has been assumed by 
: Hutner and Provasoli (6), an 
idea of some “surface-active ” 
reaction would be involved here 
in this case. 
In the last part of the experi- 
chain 2 I rey, aries Sakl ment, capillary tubes were filled 
up with alive gametes. When 
a capillary which contains plus 


Fig. 5. Interaction between alive and dead gametes dD 
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cells is placed into a drop of dead minus cells, the plus gametes actively swim out 
and clumping occurs outside the tube (Fig. 5-b & Pl. JII-C,D). In the other case 
(Fig. 5-c) the swimming minus cells do not easily come out from the tube. But in 
this case also, no or timely little clumps are formed at the mouth part of the tube. 
The same concept just described above would be applied to the mechanism concern- 
ing such a poor clump-formation. 


Discussion 


In the study of sexual processes of Chlamydomonas sp. 24, evidence of chemo- 
taxis was noticed in the initial mating reaction. One of the mating type designated 
as “minus” secretes some sex substance in the medium to which the “plus” cells 
are definitely attracted. The reverse, however, was not the same. Although the 
chemical nature of the substance is yet uncertain, such a chemotactic mechanism 
should have an important role in the mating reaction in this Chlamydomonas. 

There are hitherto two distinctive views concerning the character of sex sub- 
stance with Chlamydomonas. Several sex substances of Chl. eugametos reported by 
Moewus (15) had the diffusible nature from the cell and either filtrate of male or 
female culture was mutually responsible to attract the opposite sex. And the chemi- 
cal nature of the agent was identified as to be the natural gamone, the proportional 


Plate I. A. Gamete suspension of a single mating type (plus gametes). 
B. Clump-formation, few minutes after the mixing of plus and minus 
' gametes. 


C. Single clump enlarged, several mating pairs are being liberated. 

D. Clump which was produced between dead minus and living plus 
gametes. 

E. Clum which was produced between dead plus and. living minus 
gametes. The minus cells are marked with neutral red (The marker 
are shown as black particules in a cell). 

- F. Mating pairs (both cells are living) produced between plus. and 
marked minus gametes. 
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Minus gametes do not show any reaction to the filtrate of plus culture. 
Plus gametes are positively attracted to the filtrate of minus culture. 


Same with B., few minutes later. 
Plus gametes are actively entering the tube which contains living minus 


gametes, and clumping occurs between them. 


E. Same with D., few minutes, later. 
F. Plus gametes which have been inside the tube come out and make clumps 


with the living minus cells outside the tube. 


Plate II. 
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Plate III. A. Living plus gamets enter the tube and produce clumps with dead minus 
cells inside the tube. 

B. Minus gametes keep swimming outside the tube in which dead plus cells. 
are contained. Little clumps are formed between the minus and the plus. 
cells which are thrown out of the tube. 

C. Living plus cells are Swimming out from the tube and into the field 
where dead minus cells are scattered. 

D. A few minutes after the stage shown C. Clumps are being formed in the 
outfield. 
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mixtures of cis- and trans-dimethyl crocetin (14). Despite the Moewus’ report, how- 
ever, Forster et al. (4) could find neither crocin nor crocetin in the culture of 
Moewus’ Chl. eugametos. But they found a separate gamone in the filtrate which 
had another function referring to the intraclonal clumping both with Chl. eugametos 
(2, 4) and Chl. reinhardi (3). 

In contrast to these works, the case reported on Chl. moewusit is quite different 
(6, 12). Hutner and Provasoli (6) examined about the clumping in the species, but 
all of their attemps to show diffusible sex substance were unsuccessful. But as 
clumping occured mutually between killed and living opposite sex, they had a view 
that the initial clumping was to occur by the reaction of surface-active such as 
being induced by random contact rather than diffusible substance. Lewin (10, 12) 
postulated in the study of sexual behaviour of the same species, that there was certain 
intracellular hormone responsible for the sexual activity ; he assumed it to be formed 
within the cell and pass some stimulation into the flagella. And he considered this 
sex substance of Chl. moewsii to be non-diffusibe. 

According to the observations with Chl. sp. 24, really the actual contact of the 
cells each other would be the definite reaction to make clumps, and the action at 
flagella was quite suggestive to assume that certain adhesive mechanism would 
localize to this organella. However, also the chemotactic attraction beyond long 
distance would have a prior important role to allow them comming nearer. But it 
remains yet to be shown whether or not both of the attractive and adhesive me- 
chanism are to depend on the same origination. 

There have been many attemps to study the sexual processes of the Thallophy- 
tes on a level of sex substance (5, 18, 21, 22). The concept of the chemotactic res- 
ponse of antherozoids to the archegonium has widely been distributed among ferns 
and mosses (19, 24). However in algae, besides some descriptions on Chlamydomonas 
(14, 16), two experiments clearly indicate the chemotactic attraction of spermato- 
zoids to the filtrate of eggs respectively in Sphaeroplea (16), and Fucus serratus 
and F. vesiculosus (1). Judging from the chemotactic behaviour of the two mating 
types and also from the movement of the mating pairs, the present species shows 
clear sexual differentiation between each mating type, even though they are mor- 
phologically quite similar and both of them are motile. The “plus” cells appear 


to act as like as male, and the “ minus” female. 


The present author wishes to express his hearty thanks to Dr. F. Moewus for 
his kind suggestion on the cultivation of this organism, and to Prof. H. Hirose of 
Kobe University for giving the continuous encouragement and the criticism to the 


manuscript. 
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Summary 


1. Chlamydomonas sp. 24 which is heterothallic and morphologically isogamous, 
shows remarkable differentiation in its sexuel behaviour between each mating type. 
2. One of the mating types which has been designated as “plus ” acts as male 
and is chemotactically attracted beyond long distance to the filtrate or the gametes 


mating type. But the reverse was not at all the same. However 


, 


of the “ minus’ 
finally the flagella of both gametes seem to have some similar adhesive mechanism 
in the clump-formation. The nature of the chemotactic agent is yet uncertain. 

3. Once the two capulants were linked together by a protoplasmic bridge, only 
the “plus” partner was responsible to the propulsion of the mating pair. The mo- 
tility direction is limited only in one direction as was observed in Chlamydomonas 


moewusit (7). 
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bet (AF ABx (Ab+aB) OL 5icHT Sok 
$4) IES diploidisation (c$s\>C lt, HE 
LEHR @D Ab, aB D2MAEBBS ABH 
te RBA LTC, CO i REBIC BI Leb, ABR 
% & Ligv> TC Ab, aB D 2 & CHF BET 
S24DCHSALUN, CORUE Buller (1933), 
Chow (1934), Dickson (1936), 2zJI| (1939) = 
DERBI}. A Quintanilha (1939) (2BO 
fee FL, AB RICH LC Abt+aB &fixz % 
& RAIGEEM A D+ Te SAH Ab, aB O2KO 
BABOR, ANFORo cw Sethe aAF 
DERI Cl SBA KRO BBA: 2 KOlA CHO, © 
DER. AB, ab O2K%ABMSL<S AU, CORO 
ab Ai AB RHOPLAWLEMSERLTH 
MIZELL, AB & ab DAK CMMHMAE EDT 
We hOCHEE LKR ets, GREE OCE 
Bi Oe, ANF & BAF EBB L Clie 
(Whitehouse (1949), AW (1952)) & & HS 
LAG FS ie 

Papazian (1950, 1954) (k Schizophyllum com- 
mune 77}A\>C diploidisation OMPfate FV, BA 
FAK BSE © JER ICSE LRA RO 2 Ke, 
FRADOP REBEL ST ZR OAE CG HE EL 
Rot UC HM AHEMAD UIC k Z diploidisation 
MBER Gli, Rawitscher D 24ers Ss 
> SHR RABS t lac Quintanilha OFiOL 
5 RPRKOBAR b FCW So 

SOIT RMORMAE, MALE, MAM AHED 
SHAD kD diploidisation -c, #2fRLi 
ABTA ARO 2 OFM OV COREA CHSA, 
AFT BO TILBMG HEM A Dt OBAITOWT 
MINE CARMET So 


fs 
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mH EA HK 

PUREED Y 2 7 Ye b a Coprinus macrorhizus 
Rea f. microsporus Hongo 7#RIC EE Lo OL 
DL, CORP & A CRAG HEM Abt 
® diploidisation DEER fr5 T(t, Rawitscher 
D 2B, Quintanilha OAAPpacwApo & 
SHEATELWMARRHSC LLCTEV. TAME 
RAFAH D JAREB IS HE LC BFA RO 2 KO 
HEEL, ABS GANKKKIK, COMHBRE 
—Bro CHHEL, EURFRAD SIBELKRM 
NOFES EA DCB IT PT ORG RIC LAD CHS 
tb, ABx(Ab+aB) OF, ll eBIC Biba fe 
SUM KOKORERAS 2KBAHO Ab+aB -c 
both, ERA ARAHO ABtab ChoT 
b, CORMMAAAFRAEIEY, COUTHA 
C2AMATIUE ESSOYA AaBb & 
20, CHp wR CHS SIAF IEF ORO 
2c HUH (xSeL < AB, ab, Ab, aB Ch ApbCG 
bS. both, Papazian (1950) OZEH Lest 
SHAE, tit db HERR EOC, BO 
DAC ORME BIR © BUA ICHAEL, 4O 
ROW OF BAUD: b LAG LEAH AD 2 BK 
RHEET SEW 5 AIC LINE, RK-CORMBE 
WH CERRO AWTS LBC S. L 
D> LE BOME Clk Papazian DAE (LAHORE 
FORMERS SCEDBCRRPoKkDb, FH 
(Lid OAM GHA LT 2 RICT AIMCO D RH 
MAtot Quintanilha (1938) D#KLEAEIC 
MECC, AAALEMADU7O diploidisation -¢ 
Fld AIHA OD 2 BAH Ute 

tikhbb, AAGHEATAS< Bik SZ=-O ORK 
#i, AaBb & Ala/B/b! HAV, iO ABLE 
aD A'B! & eae L CF RARED, TOM 
JOFESE Db 2eH AB! OBSAESZ, ChE 
BAAR & eC OAR AHEM Ado AB! x (AB 
+A/B!) “GC, AB! fie JA EBIC BL 2H 
AO QI, 2B THI LUX AB+A/B’ 
YO, Ala rseerile LUX AB/+A/B GHZ 
Cibo © OM OMB & oT AaBb & 
tO Ab ORO ABB ICH LC diploidi- 
sation DRIREHOIT 5 4EOUSI Abx 
(AB+A/B’), Rik Abx(AB/+A/B) Gib By 
SAGHEOMADE CHS, LEOL 5 RRMS 
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HEROIC OPE 2 HOM Abt, LE Abx 
CAB/x(AB+A/B/)} DE 45 ICMAT Sc Ley 
Bo £UT Ab OJMBEBIC HDT eH O— 
MeL a CHIEL, EURFRAL 0 OMIT 
HEE ROARED HT RT, CORER Ab, A’B’, 
AB’, Alb D 4 2MH AMONG, MALMA 
pHtt(t Abx(AB+A/B!) Ghotkbis, tE> 
CHD OARFIG HEM A De C2 BABA LIES & 
OREM Oo, & L Ab, A/B, AB, A’b D438 
At Chor b, MAHEMAb¢w(t Abx(AB/+ 
A/B) G9, AIORMAEMADE CCH 
i AYB BHR LECLERS, WDEDL GRA 
YECHPICHEMFS HD 41CE S diploidisation 
FDIC ARADO 2 RHEE LK 

Diploidisation DRERI~ + VMAG, EKF 
RATER O Dt OSE, MUAABAPT ORD 
DURE ELIA A CHT, BEEBE 30°C, 
EEPSEXT NS CST RAL Ko feds, 
BUSA BS tz IC A ET DHE HUA 
HRD LO, A DOT HESIt BER OKA 
(1954 a,b)) Ici##F° A, 

ARERIIE X, Y Gece BT CHAAR 
#2), c, d GEIC ACH CRA) D4 RHR 
Wk, CHBS(LAVICRAAHAT eS ¢ Bic 
L, BARN OMIT RRO MAD eHED 
Blk, T\CRHABMABECK. CNS 4KRO 
EN EN OAM GHA F ICIS ROW AZOII, Wo 
RF IMME Ch Sab, MODRREHADL 
CRER* TF 5 A, —B% AaBb (AB, ab, Ab, 
aB), fh77% A’a’B’b! (A/B/, a/b’, A’b/, a/B/) 
OL KFT Sc LILIES 


fae RteR 


Xt Y,ct X,dt X O2R%R OSM. 
TORERORM AEM A De & CTUCHES MARE 
MADD diploidisation O32 No. 1~21, % 
OF OR RIL 1HOL 5 CHS, 

PDOAFIA HEM AA GIX No, 20 Bot No. 
21 #PRVYC(X446 diploidisation Dik, BAKA 
Rie ARICA AD DK, SUCRE 
OAlk SAS patchiness ZpilPb7e ¢ HI 72, 
CALE OBA D 2 RRA Siew, BI 
WMC FTDILEA EMA DAE It No. 13 OF 
(k Ab Nik aB © WaRRIK PEAR ADVE, Eh 
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No.1] 2BRV ThE, VOTHLG CWE OFRALIE 
ML, BFA DAMM eT CLAS 
ESTe5 os 21, OHA tO, HRAES O 
EBCSRA(t 17 CHHAS, COR, No. 10% 
BR < SNES, Rawitscher 23H#E3@ LZ E51, 

: ere % diploidisation -Gir#e 
MLR 2 KASEI MAIER 
LC, COVMRABIC, CHORTLE 24% CHU 
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AURA AO FA, HC BALI > Z OLE No.7 Zor 
No. 9 ds\.C, AA GHEM ADE Cli mam, 51 
MYC FIDICAMAHEM ADE Ch HELD 2 GE 
FTeRPBLECECHS, MAEMADFILS 
diploidisation c2MBfARSNERRME, 
CAVEGICHWS ELROD, CORI D CD 
7z\. (Dickson (1936), Quintanilha (1939)), 
ELT, CABLES ORER © AVERIT, BAIA 


SHRI RIM T SOLER ULRO KBENKLOChSA, MAHEMAHEICLS 


Bl ARMA MAD+ LMAHEMG Ht OWE LK diploidisation D#ER? TORR 


RURES a: <a cme Ab Xk aB © JARIC Elda UREA D 2 1; 
X Ait (AaBb) & Y Ri (A’a/B/b/) & RAVES 
i Abx CA/B x (AB+A/B/)) Ab+A/B/ * 
7 aB x [A/B x (AB+A/B/)) aB+A/B/ cr 
3 ” aB+ A/B/ * 
4 aB x CA’/B x (AB+ A’B’)) aB+A/B/ z: 
5 aBx CAB/ x (AB+A/B/)) aB+ A/B/ ms 
c Ae (AaBb) & X Resi (A/a/Bl/b!) & HAV TBS 
6 Ab x CA/B x (AB+A/B/)} Ab+A/B/* 
7 aB x CA/B x (AB+A/B’)} AB+A/B ** 
8 Ab x CA’B x (AB+ A’B/)} Ab+A/B* 
9 aB x CA/B x (AB+A/B’)) AB+A/BI ** 
10 Ab x CAB x (AB/+A/B)) Ab+A/B/ *** 
11 aB x CAB x (AB’/+A/B)) aB (CEs HEAAEE RASTER EB ok 
12 Ab x CABx (AB! +A/B)) Ab+A/B* 
13 aB x CAB x (AB/+A/B)) aB CMH ADEN ior 
d we CAaBb) & XK Rit (A/a/B’b’) & Ze FAVRE 
14 Ab x CAB x (AB+A/B/)) Ab+A/B/* 
15 aB x CA/Bx (AB+A/B/)) aB+A/Bl* 
16 Abx CA/B x (AB+A/B’)) Ab+A/B/* 
17 aB x (A/B x (AB+A/B/)) aB+A/B/ * 
18 Ab x CAB x (AB/+ A/B)} Ab+A/B * 
19 aB x CAB x (AB/ +A/B)) aB+ABl* 
20 AB x (AB/ +A/B) AB (c tito RD Bldg Bs Pe 
yal ” " 


* ARIAEM AD ICs CT 2 KB IT 
** APAEMA DEH CH < MIAHEMADEI BTS 2MEIT 
HK ILI 
FAO BARZAHILAIC CH SRA UC Rie SFR bHKLES OCHS. 

No. 1~3 © A/B & No. 4 © A’/B 
No. 6~7, 10~13 © A’/B & No. 8~9 ® A’B 
No. 6~11 ® AB : No. 12~13 MAB 
No. 14~15, 18~21 © A’/B & No. 16~17 ® A/B 
No. -14~19 © AB & No. 20~21 © AB 
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diploidisation (C3siIF} SOFFMIC OV T (LB 
GUANA LIT So 

No. 10 mg Fit ABx(AB/+A/B) OAR 
FEMA dablc ssl CHBAVYEL, CHE AB LC 
*HPA BR Reo HO LRRLES © OME AB! 
Bo ARF A/BEO BAFABRER rile 
Litt ANB! M(t AIBY thro boclhe 
¢, AB’, AB ® 2 KOK CRA AEER F232 
fA LIL DNS AB CHAS LAMM OT 
dob Wed Siz, Papazian (1950) 4 Hj L 5 
7s Schizophyllum commune 7 }h\»C ® diploid- 
isation MBERC, 1378 0 OAMALEMADEO 

rh, 2BAAS 6, EOL RRMAHAFO 
ZEPMIK k AIR: 2, RH 5 OFF REC 
Bo COL 4 TeHBWE ik Quintanilha AGS 
ZL, RMBHPADeRSAMIT, BAK 
BEDOKEMATABEICHE SN CH RED 
LILBA BME. (MERA Papazian [t, Hil 
XX aBx(A/B/ +a/b/) OL 5 RMMGHEMAD 
POBE Ch ABI, a/b! 2 KO] CRAAHAF 
ACH LABMK a/B/ AVEC, Cre aBe ce 
FAA PES Tek X 4 HERR LIE LIST 
330, i (RIE) (LMAHEM AAC, FAC 
(LSSBMUC L 45 CBE MOMAMC So K 
ICL IE RIAA dot DARA GHE & DAH & D> 
(IC (SEB FRITS 4 OCHS LW DEINE DB 
ENVCHSA45. COL}CMUET KY SE NoO.10G 
SONAL, UT LS RMALEM ADE 
KB Cio hee CST, Ile CHrdoqv 
RM AHEMA b+ CHEok4 OMEDHDHTE 

Co OBRYIEM E> 4 (da Te APA BRL TIL, AB 
PIGHEM Ado Ic > TC (LE LRA BRO 2 
RAAF ABO A EAT LICE, AGO Jal 
ICTS LS TUBAL SS bEOEWAS. M 
FAA TA IA 4 2 RABAT ZO, Bx DAKO 
HP etEteO A>, BILII—OBR Or te 2 KAT < 
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DPE} MCHA, BAe CHh6LF 
#LOWOD> EXI-BAOM & 2AVEDRIC, 
conjugate division #4>F iC 4 * AHICKDRe 
Lintiesinhes Ree fio CT 2IKOWET 
WUE IBA bSb DOERR A, CHEW 

CL BURCH A HER (2 AI GHE OMA Ao OFER 
HEED DMSO LIST So ELT 2HKOMETH 
PRICBMbSRwD, AA < HEA CRM TB 
LTC b BADDEST PES TF EAS 
Shr b, RAGHEMADE Ct, HOME, 
WMCHEE OMA DICH C diploidisation 23 
JENA D CHA 5 E105 WIKOMITIAAA CS 
Do 
KMHBOBRS UBT, BFL 2 KC 
WMREfEs TOS CLIP EAMOMETF REIT ERO 
HOOL, TOMOACS DOMMES LO 
BAB, CORDBMAKBRO AROTATO 
FAR DFE Db PFA RAVEUE TVS E405 HIT 
odes, JR D > BBP CIT AADB 
TOD, (ORB Cle RMT SEV 5 RR, pat- 
chiness 2515N490CHA5, Ek, MAKES 
WMAHOMADRICRNA TC, RMAKEOMAD 
42 CUS ARR IC HHA AAS ADU MBARS 
WOE SBT LE 2K CHS LU< HHA RERES 
CL OME RT 4 O CL bSE OM, patchi- 
ness (22h, HMGHMADBIC BO CHUES 
WA, MAHEMADE CSE 2BRAERLER 
7k No. 7 KU No. 9 OG, FEC aBXRH 
D Jel REB IX HAY 7e patchiness AiHlpNRS, 

“@® patchiness OAR WH BACK Quinta- 
nilha OARIGHEM ADE Cit, HICKBHOK 
LMA CAAZBMBRAVEL, CHLAMBOKE CG 
HAR fe > CWS EV>5 RITA LDH 
2%, Papazian kU et ORI ED DO Hh 
PAEWH CLL, MIVCihS>A bOBALW 
HESRIBEV 


Summary 


1. The present paper deals with the nuclear migration from the diploid mycelium 
into the haploid mycelium in the illegitimate combination, using Coprinus macrorhizus 
Rea f. microsporus Hongo (a tetrapolar fungus). 

2. Nuclear constitution of the resulting diploid mycelium was analyzed after 
Quintanilha’s method (1938) in which three incompatibility factors of the A or the 
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B series were provided and the illegitimate combination was followed by the legiti- 
mate combination. 

3. The results of analyses show migration of both nuclei of the diploid myceli- 
um through the haploid mycelium, with one exception that exchange of incom- 
patibility factors between the nuclei of a diploid mycelium seems to have occurred. 

4, In the pre-ent experiments, two instances were obtained that both nuclei of 
the diploid mycelium passed through the haploid mycelium not only in the illegiti- 
mate but also in the legitimate combinations. 
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(Nymphoides indica O. Kuntze) OFZ REICOW 
Co MARSRKE: PS RO ay Y PTR 
(Ditrichaceae) (FAICO\ CT. FARBRIC: BA 
lApgé Heaterodactylae (2 fifi#) — Charophyta 
CRABB D—ISOW CT RA BIA OE: BER 
VS RISO TFA Es YOK BERBERS 
BES DW, RERIER: WFR (Ct oR 
OBA & Mini ¢ O/T AYE. FARR : 
BEERDOM. ENE: MMKOR 
HEIRS SRITO A, DL RRELR +» ASHE: 
BEF Y LORE L MBA DOMMDICOO 
Co AAW: HMBMLZOAM U—4F 
aVOUREIZOWC. BR Meth: 7EM OYE 
FIEND TTC HITRISOMAICOMT. Al 
ge eR Et: BARE ENERO LDR OTE 
Sy Bio | FRHFRSZ sb YD aR OMe BROAE 
EICMIETRECO VA WAS fal: 3 bY YH 
PPE Ds BEND AFA Y MRIS OWT) 
IRI-HESA : Candida tropicalis var, japonica D 
amylase OPR\OKZPABICOWT, Hl 
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ge fis: ERR OOMR—e FRY FREY 
L HAAR O ISIC Lk DSR 2 BL o 

47 ails (6 A290, GAH) HH AF- 
Aah — > FE HE: PRUE ICON TC, E 
EUCHBRR, AAR: 773 FEA 
fe Est SEM AIC ZIDK OAL OM Ho 
48 nip (9A 210, WAR?) HNHE: 
TRAOLR LE UAH PIAMA: “rar 
YR, FyA—-#, Fy VaN—-Ae Fal 
—NAFXEYRK—CITESZSAaA7aV NF Aaa 
DHAMIZeWTo 


iz # & 

5AGIS (5 AISA, WRA-H) BYHB: 
fat HI LOE Cistt SMR OMBEE, ASA > 
YUE, PEI GRICHAZLD ZEIZOWCT. RARE 
KH: PEA BTILEOR(ERR. WARS - 
WLS: AREA Vt A 7OMMFRORWT 
DAUREAICOV COMRE BR CH. Fill 
Re: BeRI*tvICONTZSHMOTM. Wk 
fe: BOWOMMH, FH He: 772 FE 
FADIA DN ZIELHES 


| Se - 

27 Injl (9 14 A, PAA SE) 
Kise - SSH77“E: Pennisetum japonicum Trin. 
DEREIKSSIF SRS OW To ANAH: be 
EY BAF ARMOR F MAIO Te 


FA] - OEE 

@NKS G A 18~20 A, BllK + BS) 
SA LEME: 7 =~ 7 AA E (Shizopus nigricans) 
ist 4 BREF EICOWC. «PGK BI + 3K 
BR: AY AD WET MEL &UWHET IER 
Be RE : Bryum nagasakense Broth. 4) %ia 
WiZito WASEAS + IEG 2: Shiraia*bambusicola 
P. Hemm. (27\.C, ~BEAIER: ev avyvy 
i (Clematis) FED, TE AUS : por se 
AFIPOBRICOOC, &FR-IM: + 7 BE 
FIBCACIC 331} STORY EH ISOC ERLE: 


SIX RT O—RGNCA DI SD EG LIED ELI 
Gh | > Wt WAP OD X HABER BE 


IAT. AAI: MALEMEE AIC E BiB 
HISD diploidisation ICO, FR: 7 
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Y DIERSMEDOA BARRIO CT AF : 
FARIS IIB AZEOTME, RAMK: 
UNGER RE O AUS. «= FARA © 
HfZhB— + (WANIEN - PES PE: Chrysanthemum 
indicum FEO MIGEZNI OPA. =A 
Bik: Euastrum ROA PERO UA WPME : 
HEKEOBM7 PE FICOWC. BARRO: A 
Kia SS KTTMODMLAN HR TH: 
AAKBISTAVOAAB PN Hi: BR 
ABOWROIEDAT. RRRE-: TAY 
PRO FR-ETES BA. «= PRBS: AE AOREALICSE 
) RAE EO RE HD. SRR: RF 
BELPER O/B SPICES SOE. PLL —-FG : 
BRD LOBRLOUW LMDRE ODRREICO 
Co 3 ARbRE - Al: BRM EMO 
Pato ARZRST: ZKAROA RIOT 4 fa 
36 Mn, Mo OM@ICOWC, BARB =A 
i: < FY Rs DP OARESNRMBEBEDICO 
OC, =F HH: RERORSEICHNT 4 Tole- 
rity OW, MINES: = FY WD OABE 
SA CTE LEME © BEAK EA | TAIT Ss ON 
774 VS5HRICL Z Nocardia DES, 7+ 
ti: WRMBORM (SD. Hi KR: HB=L- 
Is 4: MH OF MMA SHABAARD OW 
RICKIET VARIO Co AIRS R Bi FR: 
Fa S38 ER D FRE ICE 5 RAN RR OBI 
Vere 
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43 [EPS (2 AO A, POLABB) PaO: 
FaVFTrVOTEAICOWC, FH Hs ze 
2 = Y RVERPAING C33} % se Ae fa fe BEERS) 
Blo 

44 [nlples (4 A130, POLAR) BT fk: 
Acer insulare Makino M#E fi BIKORERE, EK 
Aa? BEUSEICSE 72 HEHE OKT . 
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BRIE: ARR 7 w FICOWC—A ARI 
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Pflanzensoziologische Untersuchungen uber BuchenwAlder 
am Berg Kammuri, Provinz Hiroshima* 


von Yoshiyuki SASAKI** 
Pir ARR: UCR Cast S 7 TF PRAVED BEE* 


Eingegangen am 20. Juli 1957 


Es ist eine bekannte Tatsache, dass die Fagus crenata Blume in Japan von 
Norden (Stid-Hokkaido) nach Siiden (Kyushu) weit verbreitet ist, und dass sie in 
den sommergriinen Laubwiildern unter ozeanischem Klima ein Klimax formiert. 
Aber die Gegend, in der sich die Vegetation der Buchenwalder vorherrschend ent- 
wickelt, ist die dem Japanischen Meer gegeniiberliegende Region von Stid-Hokkaido, 
Tohoku und Hokuriku. In anderen Gegenden zeigt sie keine besonders weit ver- 
breitete Entwicklung (T. Suzuki 1949, Y. Horikawa 1956). Soviel wir wissen, sind 
die Buchenwalder im Chugokugebiet des stidwestlichen Japan im allgemeinen nur 
im Gipfelgebiet der Chugokugebirgskette verbreitet. 

Deshalb sind die Berichte tiber die Vegetation der Buchenwalder in dieser Gegend 
mit Ausnahme von Y. Horikawa (1935) und Y. Sat6 (1937) verhdltnismissig gering. 
In dieser Arbeit berichten wir tber pflanzensoziologische Untersuchungen der Vege- 
tation der Buchenwalder am Berg Kammuri, der sich im stidwestlichen Teil der 
Chugokugebirgskette befindet, wo wir uns von 1953 bis 1956 mit der Erforschung 
beschaftigten. 

Die grundlegenden Gesellschaftseinheiten, die in diesem Bericht verwendet wer- 
den, entsprechen der Deutung von J. Braun-Blanquet (1951). 


Gebiete und Methoden der Untersuchungen 


Der Kammuri, dessen Gipfel sich 1339 m tiber dem Meeresspiegel erhebt, 
ist einer von den héchesten Bergen in dem stidwestlichen Teil der Chugokugegend. 
Nach der geologischen Untersuchung gehort der Kammuri zu der Ota Gruppe der 
paldozoischen Chichibu-Schichten, die hauptsachlich aus Tonschiefer und Sandstein 
besteht. Floristische Untersuchungen des Gebietes sind nach K. Oka (1950) und M. 
Wada (1953) im Detail verrichtet worden, und neuerdings hat auch Y. Horikawa 
(1956) eine Pflanzenliste des Kammuri herausgegeben. 

Unter etwa 1100 m ti.M. am Kammuri ist der grésste Teil der Naturwalder 


* Beitriige aus dem phytotaxonomischen und geobotanischen Laboratorium, Hiroshima Univer- 
sitét. N. Ser. Nr. 39. ! . 

** Botanisches Institut, Naturwissenschaftliche Fakultaét, Hiroshima Universitat, Hiroshima, 
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kiinstlich zerstért worden; an ihrer Stelle haben sich die sogenannten sekundaren 
sommergriinen Laubwalder entwickelt. Anderseits sind die verhaltnismissig stabili- 
sierenden Buchenwdlder, worin unsere Untersuchungen praktisch ausgefiihrt wurden, 
in der Nahe von Gipfel und Bergriicken itber 1100~1200 m ti. M. tppig gewachsen. 
In diesen Buchenwildern wahlen wir 

SSA EMERY ey) | : ae 
ai ) Provinz Hiroshima sieben Aufnahmeflichen aus, die die homo- 
i rhs genen Strukturen der Pflanzengesellschaften 


Jakucha 


aufweisen (Abb. 1). Um Artenzusammen- 


Ls 1300 i me \ $ y 

¥ (0) Or ae setzung der Buchengesellschaften noch ge- 
a inf rer nauer zu untersuchen, haben wir ferner in 

y Ms poe\ jeder Aufnahmeflache je 5~10 Probequadrate 

¢ (> aa al dl von 10 m2 Flaiche aufs Geratewohl ausgelegt. 

Abb. 1. Uutersuchte Area und Auf- Um den Dominanzwert der vorkommenden 
nahm2nummer. 


Arten in den verschiedenen Vegetationsschich- 
ten jeder Probeflache auszudriicken, wurden die von Cain und Penfound (1938) 


eingefiihrten sechsteiligen Deckungsgrade gebraucht. 


Versuchsergebnisse und Diskussion 


1. Benennung der Pflanzengesellschaften. Schon H. Nakano (1942 a. b.) bezeich- 
nete die japanischen Buchenwalder als einen Verband Fagion crenatae. Diese 
Benennung scheint uns heute noch giltig zu sein. Aber wir sind mit Nakanos Klassi- 
fizierung der Untereinheiten wie Assoziationen und Subassoziationen deswegen un- 
zufrieden, weil es ihren Einheiten am Begriff der Gesellschaftstreue mangelt. Da- 
gegen bestimmte T. Suzuki (1952) in Fagion crenatae auf Gesellschaftstreue griin- 
dend zwei Assoziationen ; namlich Saseto-Fagetum crenatae der Japanischen Meerseite 
und Sasamorpheto-Fagetum crenatae der Pazifischen Ozeanseite. 

Betrachten wir hier die Artenzusammensetzungsverhiltnisse der zwei Assozia- 
tionen und unsere Assoziationstabelle 1. Erstens fehlt es den Buchenwdldern des 
Kammuri vollstandig an immergriinen Nano-Strauchern Aucuba japonica, Daphni- 
phyllum humile und Ilex, leucoclada, die mit Saseto-Fagetum crenatae charakteris- 
-tisch verbunden sind. Zweitens haben die Buchenwidlder des Kammuri die wichtigen 
Charakterarten fiir Sasamorpheto- Fagetum crenatae, wie Stewartia pseudo- ati ie 
Acer sieboldianum, Symplocos coreana usf. in grésserer Menge. 

Dominanzarten der Strauchschicht der beiden Assoziationen sind auch die im- 
mergriinen Straucher, Gattungen Sasa und Sasamorpha, dagegen sind die Dominanz- 
arten unserer Buchenwilder die sommergriinen Striiucher, Symplocos coreana und 
Lindera umbellata. 

Auf Grund solcher Tatsachen lasst es sich im Augenblick nicht entscheiden, ob 
die Buchenwiilder des Kammuri zu Saseto-Fagetum crenatae gehoren oder zu Sasa- 
morpheto-Fagetum crenatae. Dennoch wies neuerdings T. Suzuki (1956) darauf hin, 
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dass Saseto-Fagetum crenatae Nadelbiume wie Cryptomeria japonica und Thujopsis 
dolabraita als wichtige Begleiter habe. Unter Beriicksichtigung dieser Tatsachen 
halten wir es fiir angemessen, den Buchenwald des Kammuri eine Subassoziation 
(Saseto- Fagetum crenatae symplocetosum) zu nennen. 

T. Suzuki (1949) hat bereits in Siid-Hokkaido vier Subassoziationen von Saseto- 
Fagetum crenatce unterschieden. Foliosissimetosum und Cephalotaxetosum in seinen 
Subassoziationen entsprechen mehr oder weniger physiognomisch unserem Symplo- 
cetosum. _Anderseits verliert auch seine Skimmietosum ihre Selbstiindigkeit in unserer 
Gegend, und wir kiénnen sie deshalb als ,, Variante mit Skimmia“ am Berg Kammuri 
ansehen; wir finden namlich dort geographische Gradienten der Subassoziationen 
wie folgendes Schema zeigt : 


Stid-Hokkaidogegend Chugokugegend (Berg Kammuri) 


Saseto- Fagetum foliosissimetosum pee 


— Saseto-Fagetum symplocetosum 
Saseto-Fagetum cephalotaxetosum eee 


Saseto-Fagetum skimmietosum ——-————-> Variante mit Skimmia japonica 
var. repens 


2. Schichtenbildung der Buchenwdlder. Abb. 2 zeigt schematisch die Schichten- 
bildung der untersuchten Buchenwilder: Die obere Baumschicht wird meistenteils 
durch Fagus crenata gedeckt, an einigen Stellen wird sie aber durch Cryptomeria 
japonica oder Acer sieboldianum ersetzt. Symplocos coreana dominiert fast in der 
unteren Baumschicht, aber es ist nicht immer gesagt, dass die Grenze zwischen 
ihrer Schicht und der durch Lindera umbellata gedeckten Strauchschicht iiberall 
deutlich ist. 

Es ist ein bemerkenswertes Phanomen, dass diese sommergriinen Straucher 
Symplocos coreana und Lindera umbellata anstatt Sasa, das in Buchenwidldern der 
anderen Gegend tippig wachst, als Dominanzarten der Untervegetation unserer 
Buchenwalder tppig gedeihen. 

Im allgemeinen ist die Untervegetation der Buchenwialder an der Chugokugegend 
oft besonders mit Lindera umbellata bedeckt, z.B. soviel wir wissen die Buchen- 
walder des Bergs Daisen, Hibayama, Oyorogi, Kario (Garyu) usw. Auch das Phanomen, 
- dass die Krautschicht vollkommen durch Carex foliosissima bedeckt wird, tritt nicht 
allein am Kammuri auf, sondern auch am Berg Kario, Sarumasa, und nahe am Gipfel 
des Osorerakan im Chugokugebirge. 

In Buchenwildern anderer Gegenden am nérdlichen Teil der Kantogegend von 
Zentral-Japan mit Ausnahme von Stid-Hokkaido, bildete H. Usui (1955) Saseto-Fage- 
tum crenatae caricetosum, deren Strauchschicht kein Sasa aufweist und durch Carex 
morrowii bedeckt wird. Viele interessante Probleme ergeben sich daraus, dass sich 
dieses Caricetosum in dem Zwischengebiet von verbreiteten Arealen der vorhergehenden 
zwei Assoziationen entwickelt, und die geographischen Verhalten denen des Kammuri 


entsprechen. 
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Moosschicht findet sich fast ohne Ausnahme nicht vor. Aber die Entwicklung 
kryptogamen Baum-Epiphytengesellschaften, besonders von einschichtigen Moosgesell- 
schaften ist tiberaus vortrefflich. Uber diese Epiphytengesellschaften hat schon Y. 
Horikawa & S. Nakanishi (1956) im Detail berichtet. Nach seinen Untersuchungen 
finden sich Dominanzarten der Moosgesellschaften in der Nahe von Gipfel und 
Bergricken, Macrosporiella dozyoides, Boulaya mittenii, Frullania moniliata subsp. 
obscura, Okamuraea cristata, Ulota crispa usw. 

Auf Grund oben erwahnter Tatsachen, kann man die stabile riumliche Struktur 
der Buchenwalder am Kammuri durch ein Fagus-Lindera-Carex-Typ der Schichten- 
bildung charakterisieren. Auch Lindera- und Cayex-Schichten fallen in die Kategorie 
der sogenannten ,,eng verbundenen Schichten“ (Br.-Bl. 1.c.). 


Abb. 2. Schematische Schichtenbildung der Saseto-Fagetum crenatae 


symplocetosum. 
Schwarz = Dominanzarten der verschiedenen Schichten in jeweiliger Aufnahmeflaéche 
Schraffiert = Subdominanzarten der verschiedenen Schichten in jeweiliger Aufnahmeflache 
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2~8 m. Untere Baumschicht : sams 
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Hydrangea macrophylla v acuminata ............... a 
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Unter 0.5 m. Krautschicht: 
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Plagiogyria ILAESUITUY CON GALA: ae dele teak tise antics Pre 
Comanthosphace stellipila v. sublanceolata = 
oom 


Cacalia yatabei v. occidentalis ..........:.cecceceeeseee 


3. Standortsfaktoren. Nach dem klimatographischen Atlas der Provinz Hiroshima 
(1953) ist die jahrlichen Mitteltemperatur in der Umgegend des Kammuri 9.7°C, und 
die jahrliche Niederschlagsmenge 2480 mm. Die Niederschlagsmenge wird auch durch 
Schneefall im Januar und Dezember, durch ,, Baiu“ (Regenzeit) im Juni, und durch 
Taifunregen’im September vermehrt (Abb. 3). Diese Tatsache offenbart sich, dass die 
untersuchte Gegend im Zwischengebiet von zwei bedeutenden Klimaprovinzen liegt, 
namlich der Klimaprovinz der Japanischen Meerseite und der Pazifischen Ozeanseite 
in Japan (Fukui 1933). 

Der Boden der betreffenden Walder weist die typische Braunerde auf, ihr Boden- 
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Abb. 4. Bodenprofil am Aufnahmenummer 2 


profil ist in Abb.4 dargestellt. Der Boden wird genauer in A- und B-Schicht eingeteilt, 
die erstere zeigt ein schwdrzliches Braun, die letztere ein gebliches Braun. Die 
A-Schicht lasst sich noch einmal in drei Subschichten einteilen. Der pH-Wert von 
B-Schicht zeigt schwadchere Sdurigkeit als A-Schicht. Der Boden ist im allgemeinen 


feucht. 
Konklusion und Zusammenfassung 


1. Bei den pflanzensoziologischen Untersuchungen iiber Buchenwalder am Berg 
Kammuri haben wir die folgenden Pflanzengesellschaften unterschieden: 

Saseto-Fagetum crenatae symplocetosum 

Fazies mit Sasa veitchit 

Variante mit Skimmia japonica var. repens 

Variante mit Comanthosphace stellipila var. sublanceolata 
Variante mit Cacalia yatabei var. occidentalis 

2. Diese Gesellschaften bilden eine Ubergangsform zwischen dem an der Japani- 
schen Meerseite wachsenden Saseto-Fagetum crenatae und an der Pazifischen 
Ozeanseite vorkommenden Sasamorpheto-Fagetum crenatae. Diese Tatsache wird 
auch durch die oben erwahnten Klimafaktoren bestiitigt (Abb. 3). 

3. Vegetationsschichtung der Buchenwdalder besteht aus einem Fagus-Lindera- 
Carex-Typ der Schichtenbildung. 

4. Da der Standort der untersuchten Area im allgemeinen ziemlich feucht ist, 
so bestehen Untervegetationen hauptsiichlich aus den Pflanzen, die gewohnlich in 
Talern oder in Schluchten wachsen, wie Symplocos coreana, Carex foliosissima, Ca- 
calia yatabei var. occidentalis, C. tebakoensis, Comanthosphace stellipila var. sublan- 
ceolata usw. Daher lassen sich die Buchenwialder des Kammuri, wie Tiixen gezeigt 
hat (Br.-Bl.1.c), in die feuchte Subassoziationsgruppe einordnen. 
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Hier sei es dem Verfasser gestattet, seinem verehrten Lehrer, Herrn Prof. Dr. 
Yoshiwo Horikawa, Hiroshima Universitit, fiir seine Anregung und stetige Anleitung 
aufrichtigen Dank auszusprechen. Ebenfalls ist er auch Herrn a.o. Prof. Hyézi 
Suzuki, Hiroshima Universitat, fiir seine stets unveranderte Hilfsbereitschaft zu gro- 
ssem Dank verplichtet. Besonderen Dank schuldet der Verfasser Herrn Prof. Dr. Tokio 
Suzuki, Universitat Oita, flir seine gtitige Untersttitzung und wertvollen Ratschlage. 
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§ 18. The systematic position of Carex Sect. Decorae with a taxonomic treat- 
ment of the Japanese species. 

The section Decorae is a natural group of sedges, of which the members are most 
abundant in the Indo-Malaysian floristic region. Carex Reinii Fr. et Sav. is only 
hardy Japanese species of the section, but this is rather an aberrant species in the 
morphological respect. The typical sedges of Decorae shows a vegetative appearance 
similar to that of Indocarex by their spaced cauline leaves, and in having large, 
paniculate or fasciculate inflorescences with mostly androgynous spikelets. Thus Carex 
tokarensis T. Koyama and Formosan Carex Moriit Hayata are typical. 

Decorae was first created by Dr. Kiikenthal in 1909 as a subsection under the 
section Frigidae. In this attempt, he also placed Mucronatae, Fuliginosae, Ferruginae, 
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Podogynae and Curvicolles as subsections under that section together with Decorae. 
All these groups are characterized by more or less compressed and commonly pubes- 
cent perigynia with faintly nerved texture, and often brown-coloured scales surround- 
ing them. Recently, most caricologists, however, regard that Curvicolles and Podo- 
gynae are to be rather near to the Atratae group, and the others except Decorae, 
viz. Mucronatae, Fuliginosae and Ferruginae, form a natural group broadly conceived 
as Frigidae. But, only for Decorae we have never found its suitable relationship 
to any group of the Eucarex proper. 

The fascicled spikelets commonly seen in Decorae in various degrees are a rare 
occurrence in the Eucarices of the normal kind. We generally consider these fasci- 
cled spikelets to be more primitive than the normal spicate or racemose ones, 
because we approve of thinking that in Cyperaceae, a reduction of spikelets leads 
a certain trend of evolution. As to the origin of these fascicles, Mr. Nelmes_ sup- 
posed an ordinary panicle and a combination of fasciculate and paniculate inflores- 
cences as the two different ancestoral types of spikelets from which the fascicles 
would have been descended. Here I prefer his former view for the reason that the 
paniculate inflorescences of a common form are availling in the present-day Indo- 
carex, whereas the latter we have never really seen even in the extra group of 
Caricoideae, and that some species of Indocarex are without doubt risen closest to 
certain species of Decorae systematically. In the course of the estimated re- 
duction of inflorescence, perfectly fascicled spikelets are thought to be derived from 
normally paniculate inflorescence through a transitional form or partically fasciculate 
panicle, as shown in the schema given below. 


CAREX proper 


Raceme 


I NDOCAREX 8 Decorae 
p--- 


Panicle BF 


Fascicle 


Fig. 9. Schema showing a supposed reduction series of paniculate partial in- 
florescence, from A to D. 
In the Japanese species, Carex tokarensis shows a criterion of perfectly fascicled 
spikelets considered to be of the latest state within this section (Fig.9:C). Carex 
Morit is a representative of the transitional state ig. 9:B). Carex Reinit is, I think, a 
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more reduced form of Fig. 9-C, and it often bears such racemose spikelets as seen 
in Eucarex of a normal kind. For the more primitive paniculate state of Fig. 9-B, 
I give Carex perakensis (=C. Dunni) as an example. The traditional treatment 
makes this species belong to Indicae of Indocarex, for it is apparently of the In- 
docaricoid form and with less compressed perigynia. But, the nature of perigynia, 
scales and vegetative parts seems to be more closely related to the members of 
Decorae than to those of Indicae, and I transfer it from Indicae to Decorae. Carex 
perakensis Clarke shows a link between Indicae and Decorae, or a link between 
Indocarex and Eucarex. It is also of interest that a tendency of the compressedness 
of achenes in their transverse sections, from trigonous to dorsally compressed, agrees 
with the series of reduction of inflorescences in the above schema. If the achenes 
of Decorae completely loose their dorsal angle, they will become a lenticular achene 
seen in Graciles (Cayex brunnea group). On the one hand, the parallelism of the 
reduction of inflorescences and the similarity of the texture of perigynia to the 
members of Decorae are noted in the member of Graciles, however, it is not certain 
whether Graciles directly descended from an Indocaricoid ancestor or derived 
through an intermediate form just like Decorae species. 

In 1936 Dr. Ohwi raised the subsection Decorae to a sectional status (Cyper. 
Japon. 1: 338). Then he included two species, C. Reiniz and C. Moyii, in it, and 
placed it between the sections Ferrugineae and Praecoces, thinking Japanese C. 
Reiniz to be near to Mitratae group. In Dr. Akiyama’s latest opus on Carex (Carices 
Far East. Reg. As. 133, 1955), Decorae is also placed next to the section Ferrugineae. 
Both treatments must lay stress on the compressed perigynia with pubescent, faint- 
ly nerved, rather thin texture found in either Ferrugineae or Decorae. Concerning 
the position of Decorae, however, I do not agree with these views, but with Mr. 
Nelmes’ later opinion stated in his monograph of the Carex in Malaysia (Reinwardtia 
1: 1951), in which Decorae and Graciles follow Indocarex. This view is supported 
not only by the above mentioned morphological basis but also by the distribution 
of the section Decorae having its center in Indo-Malaysia where Indocarex is most 
differentiated. 


Sectio Decorae (Kiikenthal) Ohwi in Mem. Coll. Sci. Kyoto Imper. Univ. Ser. B, 


11: 338 (1936) —— Nelmes in Reinwardtia 1: 332 (1851), et in Mém. Mus. National 
Hist. Nat. N. S., Ser. B, 4: 188 (1955) —— Akiyama. Carices Far East. Reg. As. : 133 
(1955). 


Sectio Frigidae subsection Decorae Kiikenthal, Cyper. Caric. 541 (1909). 
Species typica: Carex decora Boott. 


A key to the Eastern Asiatic species: 
A) The terminal spikelet merely staminate, spikelets 3-12, single or 3 from one 
Piette ben lee wate Se ace See Ren” LS wen ante ice cat 2a te Le Cndeeziaes 
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A) All spikelets androgynous, spikelets numerous, arranging in fascicles of 3 to 12 
or in panicle. 
B) Apices of achenes discoid-annulate, spikelets fascicled in group of 4-9, on 
long-exserted capillary peduncle of equal length. hen a). REQ, 4oRarenses 
B) Apices of achenes gradually tapering to style, spikelets paniculate or partially 
fascicled with very unequal peduncles. 
C) Spikelets linear-cylindrical, 3-9 cm long, perigynia glabrous, nearly as long 
as female-scales«.2!.. led..oxdlval.. mondial ek. & ee. 1 Oh CR 
C) Spikelets oblong, 1-2 cm long, perigynia wholly pubescent, conspicuously 
longer than female scales. 

D) Female scales deltoid-ovate, fuscous, half as long as perigynium, perigynia 
much compressed, achenes 3.5-4 mm long, compressed-trigonous. ............ 
ait pee AT tag. oe). el ON a eer tenet ea 

D) Female scales ovate-oblong, ovate-lanceolate or oblong-obovate, whitish to 
light fulvous, almost 2/3 as long as perigynium, perigynia cleary trigonous, 
achenes 3 mm long, obovate, triquetrous........................5. C. perakensis. 


1. Carex Reinii Franchet et Savatier, Fnum. P1. Japon. 2: 133 (1877) et 559 (1879) ; 
Franchet, Car. As. Or. t. 7, f. 1 (1896) et 115 (1897); Matsumura, Index PI. Japon. 
2-1: 180 (1905); Akiyama in Journ. Fac. Sci. Hokkaido Imp. Univ. Ser. 5, 2: 150, f. 
97 (1932), et Car. Far East. Reg.A s. 134, tb. 120: f. 1 (1955); Ohwi in Mem. Coll. 
Sci. Kyoto Imp. Univ. Ser. B, 11: 338 (1936), et Fl. Jap. 192 (1953) —— Japan, Sa- 
vatier 3489. 

C. nambuensis Franchet in Bull. Soc. Philom. Paris 8 sér., 7: 44 (1895), et Carex 
As. Or. t. 9, f. 2 (1896) et 115 (1897); Lévl. et Van’t. in Bull. Acad. Intern. Géogr. 


Bot. 10: 196 (1901) ; Matsumura, 1. c. 121 —— Japan, Faurie. 2172. 
C. Ogawat Akiyama in Journ. Fac. Sci. Hokk. Imp. Univ. Ser. 5; 2: 172. f. 118 
ett. 10 (1932), et Car. Far East. Reg. As. 134, tb. 119 (1955) —— Japan, Ogawa. 


Japan (Honshu, Shikoku, Kyushu). 

C. Reiniz was described from a young small plant collected at Hakone. This 
species varies in shape and size of female scales and perigynia to some extent, and 
the number of spikelets are utterly ascribable to the degree of growth. A well grown 
plants have many fascicled spikelets in group of 2 to 3 to one bract, on tall culm 
reaching to 9 dm in hight. C. Ogawai is attributed to this large form of the species. 


2. Carex tokarensis T. Koyama in Acta Phytotax. et Geobot. 16: 7, 4b Se 
A-I (1955) —~— Liukiu, Naito. 

Liukiu (Tokara Isls.). 

Known only by the type collection. This species is striking by its achenes 


discoid-annulate at the apical end. Other species have beaked achene or spongily 
thickened style base. 
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3. Carex Sakonis T. Koyama, spec. nova 

Perdense caespitans. Folia pluria linearia 3.5-7 mm lata 7-9 dm longa culmum 
multo superantia rigida plana vel sursum subconduplicata unicostata marginibus 
supra medium scabra ad apicem longissime gradatim attenuantia basi in vaginas 
antice membranaceas dorso fusco-brunneas purpureo-brunneasve vix angustata; va- 
ginae basilares demum in fibras parallelas sordide brunneas solutae persistentes. 
Culmi erecti 7 dm alti ad angulos obtusiusculos scabri basi pauci-(ad 2) foliati a 
medio ad apicem spiculigeri. Inflorescentia paniculata 3-4 dm longa deorsum inter- 
rupta sursum subcontigua; spiculae ex unica bractea singulae usque 2-5 fasciculatim 
enatae valde inaequialtae saepe ad partem basilarem autem 2-3-ramosae, omnino 
androgynae (sed rarissime summa tantum mere mascula) linearicylindricae (1.8—) 
4-8 (—9) cm longae cum pedunculis capillaribus scabris vulgo longe exsertis cernuae 
vel pendulae, parte foeminea ea mascula breviore usque cum ea aequilonga sub- 
densiflora et in parte basilari saepe distantiflora 1.5-5 cm longa ad 5 mm crassa, 
parte mascula lineari spisse pluriflora ferrugineo-fusca; bracteae foliaceae inflores- 
centia longiores basi vaginas 2-5 cm longas formantes. Squamae floris foemineae 
oblongo-ellipticae naviculares 4-5 mm longae (aristam excluendae) fere 2 mm latae 
membranaceae fusco-fluvae, costa subangusta inconspicue trinervata ex apice squa- 
mae in aristam scabromarginatam recurvam 1.5-5 mm longam subabrupte excurrente. 
Utriculi erecto-patentes squamam paullo superantes oblanceolato-oblongi vel fusi- 
forms 5.5-6.3 mm longi 1 mm lati trigoni membranacei glabri praeter nervos 2 la- 
terates subenervii olivaceo-virentes basi cuneato-contracti breviter (circiter 4/5 mm) 
stipitai apice gradatim attenuantes in rostrum rectum longum margine hispiduloso- 
scabrum 2 mm longum, ove bifurcato, dentibus acutis 4/5 mm longis. MNuces (im- 
maturae) ellipticae trigonae parvulae, stylo longo deorsum saepe flexuoso basi sub- 
aequali, stigmatibus 3 cum 2/3 longitudine utriculi aequilongis. 

Carex turrita C. B. Clarke prope quidem accedit, differt tamen squamis apice 
obtusis ad 3.5 mm longis, utriculis coriaceis nervosis, vaginis foliorum rubentibus etc. 

Liukiu: Is. Amami-Ohsima, Yamma in Sumiyomura village, lm alt. Coll. S. 
Sako, n 317!, 31 Jan., 1957 —— holotype in TI. Is. Iheyajima. Coll. Shoei Tamashiro, 
683!, 30 Dec., 1956. 

At a glance this new species resembles Carex turrita C. B. Clarke of Luzon, 
from which this is easily separable in having filiform peduncles longly exserted 
fromthe sheath of bract and by the perigynium characters stated in the above 
description. The epithet is dedicted to Mr. S. Sako of the Kagoshima University, 
who first collected this strange Carex. Strictly endemic sedges to the Ryukyus are 
3, C: collifera Ohwi, C. tokarensis T. Koyama and the present one. All these species 
have their nearest species in Indo-Malaysian region. Really, there are many sedges 
of Indo-Malaysian region marking their northernmost limit in Ryukyus. C. drevi- 
scapa C. B. Clarke and C. brachyathera Ohwi are good examples. Some Ryukyu 
sedges occur in Indo-China but not extending into Malaysia. C. aliiformis C. B. Clarke 
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and C. teinogyna Boot fall under this category. We seldom: notice such species 
distributed in both Central China and Ryukyus. 


4. Carex Morii Hayata, Ic. Plant. Formos. 6: 135, f. 46 (1916) et 10: 64 C1I9ZLy. 
Ohwi in Japan. Jorrn. Bot. 7: 198 (1934), et in Mem. Coll. Sci. Kyoto Imp. Univ. 
Ser. B, 11: 339 (1936); Akiyama, Caric. Far East. Reg. As. 134, t. 120, f. 2 (1955) 
— Fomosa, Mori. 

Formosa (Southeastern part). 

This is a good species known only from Formosa. In the external appearance, 
C. Merrillii Kiikenthal of Luzon and this are somewhat alike. I made a figure 
of a partial inflorescence and a perigynium with its scale and achene from Dr. 
Hayata’s type specimen (see T. Koyama, in Acta Phytotax. Geobot. 16: 8, t. SN 
ff. J-M.). 


5. Carex perakensis C. B. Clarke in Hook. f., Flor. Brit. India 6: 720 (1894); 
Nelmes in Mém. Mus. Nation. Nat. Hist. N. S., Ser. B, 4: 144 (1955); T. Koyama 


in Le Nat. Canad. 82: 195 (1955) —— Malay Penins., Wray. 
C. Wightiana Nees var. pexvakensis (C. B. Clarke) Kiikenthal, Cyper. Caric. 288 
(1909). 


C. Dunit Hayata, Mater. Flor. Formos. 382 (1911); Akiyama, 1. c. 137 (1955) —— 
Formosa, T. Kawakami & U. Mori 1350. 

C. Tatewakiana Ohwi in Acta Phytotax. Geobot. 1: 299 (1932) —— Formosa, 
Tatewaki. 

Formosa, Indo-China, Malaysia (Sumatra, Borneo, Celebes). 

For the detailed synonymy see T. Koyama 1. c., 1955. The complicated synonymy 
shows that this species is very difficult to define. The distributional pattern of 
C. perkensis is quite common with that of Cyperus vadians Nees et Meyen, a peculiar, 
species growing in sandy coast. These are distributed on both sides of the South 
China Sea. This pattern of distribution is called the Amphi-South China Sea elements. 


§ 19. Carex parciflora group: its relation. with Carex Jackiana and. its 
variations in Japan.* 

Carex parciflora .Boott in a wide sense is a very variant species known. from 
Japan, from Saghalien and the southern Kuriles to Kyushu andthe southern Korea. 
C. Jackiana Boott (Fig. 10) is the nearest and the only allied species to C. parciflora. 
This was first reported from Java and at present as the Himalayan C. instabilis 
Boott is regarded to be conspecific with it, its area of distribution lies from Hima- 
laya through high mountains of the eastern Malaysia to Australia (according to 


* In preparing this section, I am grateful to Dr. N. L. Bor (Kew Gardens) through whom I 
was able to see Indian Carex Jackiana. 
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Fig. 10. Carex Jackiana Boott —— A. Total plant, x 3/4: B.A part of culm; C. Scale 
of staminate flower, x 4; D. Scale of pistillate flower, x 7; E. Perigynium, x 7; F, G. 
Dorsal (left) and ventral (right) views of orifice of perigynium ; H. Transverse section 
of perigynium; I. Achene, x 7. (Drawn from Khasia, C. B. Clarke, 43850) 
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Mr. Nelmes, 1953). C. Jackiana has also a wide range of variation, in which the 
Himalayan form is morphologically more closely related to our C. parciflora than 
any other. 

Both Dr. Akiyama (1932, 1955) and Dr. Ohwi (1936, 1953) are of opinion that 
C. parciflora is a distinct species from C. Jackiana, whereas Dr. Kitikenthal (1909) 
attributed the former to a subspecies of the latter. The difference between these 
two entities is, in fact, very slight and delicate. After Dr. Kiikenthal, C. parciflora 
is distinguished from C. Jackiana by its taller culms, broader leaves and smaller 
perigynia, but these respects are now in the vague in these very polymorphic 
species. As Fig. 10 shows, C. Jackiana from Himalaya, strikingly resembling Japa- 
nese C. macroglossa (most common form of C. parciflora), can be separated from 
it in having larger staminate spikelet, thicker texture of perigynia and slightly 
hard culm. On the one hand, as to the distribution, a considerable isolation is 
noticed between these two.’ The central and the northern China Proper lies as the 
interferent region between the areas of C. Jackiana s. lat. the former marking its nor- 
thernmost limit in Yiinnan, and the latter not being distributed in the Continent 
expect for C. macroglossa of the latter once collected in the southern Korea. Carex 
parciflora seems to have been distributed from a Himalayan prototype to Japan 
where it must have differentiated to a considerable degree, and another extended 
to southeast would have been C. Jackiana of Indo-Malaysia. I, therefore, treat 
Japanese C. parciflora as a subspecies of C. Jackiana laying stress on its much 
isolated distribution area. 


— Parciflora 
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Fig. 11. Distribution of Carex parciflora group in Japan. 
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In Japan, among the variants of C. parciflora, the four races, parciflora, macro- 
glossa, Vaniotii and tsukudensis, are notable. Each has difference from the others 
in the perigynium characters mostly accompanied with slight vegetative remarks. 
These differences are seen in the accounts made by Dr. Akiyama and Dr. Ohwi. I 
myself will give some additional characters in the nomenclatorial treatment given 
in the next paragraph. Besides these morphological differences, each of them has 
somewhat independent distributional area respectively (Fig. 12). Parciflora shows 
what we call the subalpine form. It extends from subalpine region of the central 
Honshu through Hokkaido to Saghalien and to the southern Kuriles (Is Kunashiri). 
Macroglossa is a lowland member growing in wet forests or sometimes along paddy 
fields in the southern Hokkaido, Honshu, Kyushu, and southern Korea (Prov. 
Keinan only). Vaniotii belongs to the typical so-called “Hokkoku” Elements or 
Boreal-Honshu Elements which area is restricted on relatively high mountains on 
the Japan Sea side of Honshu where the snow is very deep. It occurs from Mt. Hakko- 
da southwest to Mt. Hakusan. Tsukudensis, a local variation on the Mikawa Plateau 
of the central Honshu, is found in marshy places where some boreal-Japanese plants 
which would have been brought with the progression of the glacier, still remain 
in somewhat negative meaning. It is interesting that tsukudensis is nearest to 
Vaniotiz. These variations are regarded as varieties by Dr. Ohwi (1953) and as 
species by Dr. Akiyama (1955). Here I agree with the former view considering the 
relationships between their external characters and distributional areas. 


Carex Jackiana Boott in Proc. Linn. Soc. 1: 260 (1945) et in Trans. Linn. Soc. 
20: 132 (1846) et Illustr. Carex pt. 1: 9, t. 25 (1858); Ktikenthal, Cyper. Caric. 638 
(1909) ; Nelmes in Reinwardtia 1: 384 (1951). 

Distrib. India, Ceylon, Malaysia, Australia. 

subsp. parciflora (Boott) Kiikenthal, Cyper. Caric. 638 (1909). 

C. parciflora Boott in Mem. Amer. Acad. N. S. 6: 418 (1858-9) —— C. Glehni 
F. Schmidt, Reise Amurl. u. Ins. Sachal. 194, t. 7; ff. 16-21 (1868) —— C. Jackiana 
Boott var. parciflora (Boott) Kiikenthal ex Matsumura, Index P1. Japon. 2-1: 115 (1905). 

var. parciflora —— Fig. 12: G, H. 

C. kamikochiana Nakai ex Akiyama in Journ. Fac. Sci. Hokkaido Imp. Univ. Ser. 
5, 2: 163 (1932). Nom. Japon. Glehn-Suge. 

Distrib. Japan (Honshu, central part and n.-e.-wards; Hokkaido), Kuriles Cs. 
(Kunashiri), Saghalien. 

In this variety, the pistillate scales are more than 2/3 as long as the perigynium 
and usually acuminate to shortly awned at the apex. Perigynia 4-5.5 mm _ long. 
Forma ochrolepis (Franchet) Kikenthal, 1. c. has sessile staminate spikelets. 

var. macroglossa (Franch. et Savat.) Kikenthal, Cyper. Caric. 638 (1909) —— 


Fae 12:3" Bec. re 
C. macroglossa Franch. et Savat., Enum. Pl. Japon 2: 148 (1877) et 576 (1879) 


ye Jackiana Boott var. macroglossa (Fr. et Sav.) Kiikenthal ex Matsumura, 1. 
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c. 115 (1905) —— C. filipes Fr. et Sav. var. oligostachys Kiikenthal, 1. c. 641, pro pte. 
—— C. parciflora Boott. var. macroglossa (Fr. et Sav.) Ohwi in Mem. Coll. Sci. Kyoto 
Imp. Univ. Ser. B, 5: 290 (1930). Nom. Japan. Kojuzu-Suge. 

The size of perigynium varies most markedly in this variety, usually 5-7 mm © 
in length. Scales about half as long as the perigynium or shorter, rather abruptly 
acute at the apex. The following is a form characterized by very large perigynia 
(8-9 mm long), subradiately arranged in the apical part of the peduncles always in 
group of a small number (2-4). 


bibtdad 


BA F 


Fig. 12. Perigynia and pistillate scales of Carex parciflora and its allies. A: C. 
Jackiana; Khasia, C. B. Clarke 43850--B: C. parciflora v. macroglossa; Musashi, T. 
Koyama 387—C: ibid.: Niigata, Ikegami 26082—D: ibid. forma subsessilis; Musashi, 
T. Koyama 2880—E: C. p. var. tsukudensis; Ina, Ohmura 17474—F: ibid.; Mikawa, 
T. Koyama 11138-type—G: C. p. var, parciflora; Kitami, T. Koyama 11080—H: ibid.; 
Ozenuma, T. Koyama 1059—I: C. p. var. Vaniotii; Uzen, J. Ohwi 5657—J ribid.; 
Shinano, J. Ohwi 5872. (Icon. orig., all x5) 


forma subsessilis (Ohwi) T. Koyama, comb. nova—Fig. 12: D. 

C. parciflora Boott var. macroglossa Ohwi forma subsessjlis Ohwi, 1. c. 5: 290 
(1930) —— C. macroglossa Fr. et Sav. forma szbsessilis Qh wD Ohwi, 1. c. 11: 426 
(1936) in descrip. Nom. Japon. Mugi-suge. 

Distrib. var. Japan (Hokkaido, Honshu, Kyushu), Korea (Keinan). 


van. Vaniotii (Léveillé) T. Koyama, comb. nova —— Fig. 12 Ltd: 
C. Vaniotii Léveillé in Bull. Soc. Agric. Sci. et Art. Sarthe 11: 17 (1901) —— Cc. 
filipes Fr. et Sav. var. Vaniotii (Lév1.). Kiikenthal, Cyper. Caric. 641 (1909) —— C. 


parciflora Boott var. Vaniotiz (Lévl.) Ohwi in Mem. Coll. Sci. Kyoto Imp. Univ. Ser. 
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B, 5: 290 (1930) —— C. gagaensis Akiyama in Journ. Fac. Sci. Hokkaido Imp. Univ. 
Ser. 5, 1: 61, tb. 14 (1931). Nom. Japon. Nagabono-kojuzu-suge, Ao-juzu-suge. 

Distrib. Japan (Honshu: Japan Sea side only). 

Of all varieties, the perigynia of this variety is the smallest, 4.5-5.5 mm long 
and 1.5-1.7 mm wide. Plants are wholly yellowish green when living. Growing in 
forests and fields on mountain but never in peaty moor. 

var. tsukudensis (T. Koyama) T. Koyama, comb. nova——-Fig. 12: E, F. 

C. parciflora Boott var. tsukudensis T. Koyama in Journ. Jap. Bot. 31: 288 (1956). 

Nom. Japon. Hirohano-kojuzu-suge. 

Distirb. Japan (Honshu: Provs. Mikawa & Shinano). 

Short beaked broad perigynia in group of usually 2-5, thickish, short-creeping 
rhizome, larger ligules and very glaucous colour characterize this variety. 


Notes on the Taxonomical Status of Lophozia diversiloba 


by Hiroshi INoUE* 


Fi. ¥E*: Lophozia diversiloba O45;%8"74 EO (iB IOV 


Received September 10, 1957 


Dr. S. Hattori (1944) described Lophozia diversiloba based on the sterile material 
collected at Mt. Tenso (Tokyo Pref.), and hitherto this species has been reported 
from only few mountains neighbouring to the type locality. In 1952 Dr. S. Hattori 
replaced the generic name to Acrobolbus without any discussion on his treatment. 
Dr. S. Hattori’s treatment was based on the oil-bodies (S. Hattori in lit.). After the 
replacement of the generic name, he found the perianth of this species collected by 
Mr. T. Kodama at Mt. Jumonji, and by the examination of the perianth he referred 
this species to subg. Délophozia (S. Hattori in lit.). 

Last summer the author could coliect this species with some young perianths on 
Mt. Jumonji (Saitama Pref.). The perianth showed marked difference from that of 
Acrobolbus, as that genus was circumscribed in literature. From this collection the 
_male plant and the sporophyte were not available. In July of this year the author 
‘ collected the plants of this species with fully developed perianths bearing some spo- 
rophytes and among the mats of this species many male plants were found. By the 
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careful examination on these collections bearing male and female sexual organs and 
sporophytes, the author concluded that Lophozia diversiloba should be the represen- 
tative of the new subgenus of Lophozia, although Dr. S. Hattori (1953) considered 
this species as a member of subg. Dilophozia. 

As already described by Dr. S. Hattori (1953) the oil-bodies of L. diversiloba are 
very similar to those of the species of Acrobolbus and subg. Leiocolea of Lophozia. 
The oil-bodies of L. diversiloba are 4-7 (mostly 5) or rarely 2 or up to 13 per cell 
in number, and the size of them is very variable, as 6-8 u in spherical shape and 
10-12 7-9 « to 15-18x7 w in fusiform, and non-homogeneous with numerous granules 
and grayish in color. The percentage of the spherical oil-bodies becomes gradually 
larger toward the marginal portion or apex of leaf, and sometimes 1 to 3 large globules 
can be noticed among numerous granules of the oil-bodies in middle to basal cells 
of leaf. The type of the oil-bodies of ZL. diversiloba has marked difference from 
that of subg. Dilophozia, in which Dr. R. M. Schuster (1951) described the oil-bodies 
as “moderately in size (mostly 4-5 #), and moderately in number, mostly 8-20, rarely 
to 25 per cell”. In Acrobolbus and subg. Leiocolea the similar type of the oil-dodies 
is found, however, the present species has nothing to do with Acvobolbus by the 
perianth, and with subg. Lezocolea by the form of perianth, the structure of stem and 
sporophyte, and the absence of underleaf. ; 

As Dr. S. Hattori considered, this species has close relationships to the members 
of subg. Dilophozia by the following characteristics: the oblique leaf insertion, 
bilobed leaf, leaf cells with distinct.large trigones and the perianth gradually con- 
tracted to the plicate to ciliate mouth. If one examines dried and sterile plants, of 
this species, he may refer this species to subg. Dilophozia by those characteristics 
of sterile plant. But, notwithstanding above-mentioned characteristics, L. diversiloba 
has essential differences from subg. Dilophozia. As already mentioned above, the 
small number and the large measurment of the oil-bodies may serve to separate 
this species from subg. Dilophozia. Besides the oil-body the following characteristics 
of the present species may be regarded as the essential to distinguish from the 
members of subg. Dilophozia: the ciliate-dentate margin of female bracts which 
bilobed to 1/2 of length, the capsule wall composed of 2 layers, much modified 


Lophozia diversiloba Hatt.. 1 Part of plant, dorsal view x 14; 2 Ditto, ventral EON 3 
Apical part of plant showing perianth, ventral view x14; 4 Part of plant with perianth, 
dorsal view x 14; 5-6 Female bracts x 14; 7 Part of male inflorescence, dorsal view x14; 8-9 
Male bracts x14; 10 Part of male inflorescence showing two antheridia and some paraphyllia 
x34; 11 Antheridium x180; 12 Antheridial stalk x180; 13-14 Paraphyllial cells x180;15 Part 
of cross-section of seta x 110;16 Spores x400; 17 Elater x 400; 18 Part- of cross-section of 
capsule wall x400; 19-20 Inner layers of capsule wall x 400; 21 Outer layers of capsule wall 
x 400; 22 Part of mouth of perianth x110; 23 Part of cross-section of atom x180; a4 Cell — 
basal portion of leaf showing oil-bodies and chloroplasts x1000; 25 Ditto irom middle portion 
of leaf x1000. All figures are based on living material collected on Mt. Shiroiwa; in July of 


this year. 
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male bracts which lobed into 3-5 and the dorsal insertion which is nearly trans- 
verse to oblique, the presence of minute 1-4 celled (or sometimes more, in irregular 
shape) paraphyllia among male bracts, and lacking the ability to produce gemmae. 

Dr. R.M. Schuster (1951) stated the close relationships among the subgenera 
Massula, Isopaches and Dilophozia. Of them especially to Tsopaches the present spe- 
cies has close relationship in some ways, as in the spore-elater ratio, biseriate anthe- 
ridial stalk, ciliate-dentate margin of female bracts and bilobed leaf. Isopaches was 
treated as a distinct genus (K. Mueller 1954, Frye and Clark 1944) or subgenus of 
Lophozia (R. M. Schuster 1951, 1953). According to the descriptions by European 
bryologists, the capsule wall of Jsopaches is composed of 2 layers of nearly equal- 
sized cells, and the inner wall has semiannual thicknings. The capsule wall of L. 
diversiloba, however, is 2 layers of anisodiametric cells and the inner wall has complete 
annual thicknings. The structure of the capsule wall, the presence of paraphyllia in 
male bracts and the lack of ability to produce gemmae serve to separate this species 
from Isopaches!» From Massula the present species may be easily distinguishable 
by the characteristics of the oil-bobies, the lack of gemmae, the structure of capsule 
wall, and the presence of paraphyllia in male bracts. 

The presence of the paraphyllia among male bracts may indicate the some relation- 
ship to subg. Ovrthocaul?s®) (but it is not all species of this subgenus). From subg. 
Orthocaulis the present species may be easily separable by the different structure of 
stem, always (or nearly so) bilobed leaves, and the lack of underleaves and gemmae. 

From the above discussions the author concluded to propose a new monotypic 
subgenus of Lophozia for L. diversiloba. The circumscription of the subgenus is as 
follows, and the subgeneric name is in honor of Dr. S. Hattori who first described this 
species and gave me many suggestive advices. 

Lophozia Dumotier subgenus Hattoriella Inoue, subg. nov. 

Affinis Dilophoziae, sed distinguenda: folia floralia feminea ciliato-dentata; olei- 
corpora 4-7 per cellulam; gemmae nullae ; peduncula antheridii biseriata; praesentia 
in inflorescentis masculis. 

Plants moderately large, about 2.5cm long, decumbent with ascending apices. 
Stem 14-17 cells high at maturity ; in cross-section hardly showing dorsiventral differen- 
tiation, medullar cell-walls thin throughout with small trigones, cortical cells similar 
to medullary cells but with slightly thicker walls. Rhizoids numerous, long. Leaves 


obliquely inserted, spreading to oblique and loosely imbricate, nearly always bilobed 


1) In regard to the structure of the seta of Isopaches Frye and Clark (1944) noted as “with 
a central group of 4 cells surrounded by a circle of 8 cells, and sometimes by a second of 8 cells”, 
and R. M. Schuster (1951) stated as ‘‘upto 21 outer cell-rows”. In this regard L, diversiloba has 
mo-e thicker seta and has distinct trigones in cross-section, and differs from Dilophozia, TIsopaches 
and Massula. 

2) R.M. Schuster (1953) figured the paraphyllia in L. (Orthocaulis) quadriloba, but he did not 
mention on this characteristic feature in his revision of Lophoziaceae (R.M. Schuster 1951). 
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without cilia in basal portion, entire throughout. Cells with distinctly large trigones, 
30-37 x 27-33 uw in leaf middle, thin-walled, cuticle faintly papillose.2? Underleaves 
completely lacking. Dioecious. Pericaetical bracts with ciliate-dentate margin, bilobed 
about 1/2 of length, larger than leaves. Bracteole lacking. Perianth completely free 
from bracts, plicate in upper 1/3, with ciliate mouth. Seta with many rows of cells, 
cells of epidermal layer 24-28. Capsule wall composed of 2 layers, inner layer with 
complete tangential-radial thicknings and outer layer with radial thicknings ; in cross- 
section inner cells about 13x13 yw, outer cells 16-27 x27. Spore-elater ratio approxi- 
mately 12:1. Male bracts inserted with line of insertion which is dorsally trans- 
verse to oblique, 3-5 lobed, with paraphyllia (irregular in shape) from axis of, or 
near bracts. Antheridia usually 2 per bract (near apex or base of inflorescence usually 
single). Antheridial stalk always biseriate. Gemmae absent. 

Type: Lophozia diversiloba Hatt. (Jour. Jap. Bot. 20: 265. 1944) 

Phylogenetically, as already discussed above, present subgenus has the closest 
relationship to subg. Jsopaches. Phylogenetic key to subgenera related to this sub- 
genus will be shown in suinmary. The allied species to L. diversiloba cannot be 
found among the species distributing in arctic or subalpine region. They may be 
found among the species distributed in high mountaineous zone (alpine or subalpine 
area) of subtropics, such as L. morrisonicola Horikawa, known from Formosa, which 
was described in sterile condition. 

L. diversiloba is, at present, distributed restrictedly in calcareous region belonging 
to the Palaeozoic, and the present species can be regarded as a representative liver- 
wort of calcareous flora. This species grows on bared and humid limestone or on 
thin layer soil covering limestone, forming compact mats. Only three mountains 
are known as the locality; Mt. Tenso (type loc.), Mt. Jamonji and Mt. Shiroiwa 
(Saitama Pref.). In all localities cited above the present species grows mingled 
with Preissia quadrata, Conocephalum conicum and Plagiochasma intermedium, and 
rarely on Mt. Shiroiwa with Acrobolbus mayebarae. The ecological sites noted 
above situated in the coniferous forest zone, up to 2000m above sea level. 


Summary 


In the present paper the author proposed a new subgenus of Lophozia Dum., 
Hattoriella, including a single species, L. diversiloba Hatt., and the relationships to 
other subgenera are discussed. Key to those subgenera may be as follows: 

Underleaves present; cortical cells of stem with distinctly thickened walls; oil- 


1) Rarely 1-2 marginal teeth are observed in the leaves near apical portion of sterile shoot. 
In fertile shoot those teeth are usually observed in leaves following to bracts. ; 

2) S. Hattori (1944, 1953) noted the “pale yellowish-brown color of trigones as a distinct 
feature of L. diversiloba. In living plants, however, this color of trigones is not distinct, and 
it is usually white. Furthermore, the cuticule is faintly papillose but in dried piants it is rather 
obscure (he did not allude to this cuticular feature in his original description. ) 
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bodies rather few in number and large in size; capsule wall composed of 3-5 
layers; gemmae present; paraphyllia usually not present in male inflorescence 
--Orthocaulis and Leiocolea 

Underleaves not present; cortical cells of stem not so thickened; oil bodies 
few in number and large in size; capsule wall composed of 2 layers of 
anisodiametric cells; gemmae not present; paraphyllia present in male in- 
florescence --:Hattoriella 

Underleaves not present; cortical cells of stem not thickened; oil-bodies many 
in number and small in size; capsule wall composed of 3-5 or 2 (in Isopaches, 
isodiametric cells) layers; gemmae present; paraphyllia not present in male 
INlOTESCENCE ... 00... see eee cee eeeeeeesseeessssseseseses. Dilophozia, Isopaches and Massula. 


The author should like to express his hearty thanks to Dr. S. Hattori, the direc- 
tor of the Hattori Botanical Laboratory, for his many suggestive advices and criti- 
cisms. He must also acknowlegde to Prof. H. Ito of our University for his cautious 
guidance through the author’s bryological works. 
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Introduction 


Growth substances in plant materials have been investigated using chromato- 
graphical technique combined with Salkowski’s color reaction and bioassay method 
(cited in 3). Experiments have demonstrated the occurrence of not only auxins but 
also of growth inhibitors in many plant species and various plant tissues (2, 7, 8, 
9, 10, 11 and 12). Konishi (8), K. Koshimizu and Mitsui (9), and T. Koshimizu and 
Hiraiwa (10) also showed that an auxin existing in plant tissues, which was regarded 
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as IAA for its Rf value, never gave color reaction with Salkowski’s reagent. This 
lack of color reaction might be due to a certain substance inhibiting Salkowski’s 
color reaction. Though many authors demonstrated the occurrence of growth inhi- 
bitors and suggested the existence of color development inhibitors as mentioned 
above, the nature of these two groups of inhibitors and the relationship between 
them have not yet been determined. 

The authors have been studying the nature of heliotropism of young seedlings 
of Helianthus annuus and have discovered the existence of growth inhibitors and 
inhibitors of development of color reaction of IAA with Salkowski’s reagent. The 
authors determined the nature of two of the color reaction inhibitors and studied 
their growth inhibitory effect in presence of JAA. 


Materials and Methods 


Helianthus annuus L. (variety “Large-Russian”) were grown in a green house 
in flat boxes. When the height reached 20-25 cm, their upper 4 leaves were cut 
off and used for this study. 

Extraction: The extract to be subjected to paper chromatographical analysis was 
prepared as follows: 10 g of fresh materials was chopped and extracted with about 
100 ml of boiling ethanol (80 %) for 5 minutes. The ethanolic extract, after being 
filtered with filter paper, was concentrated under reduced pressure to about 10 ml, 
filtered through celite pad, and the filtrate was further concentrated to about 1 ml. 

Paper Chromatography: Whatmann No. 1 and Toyo No. 50 filter paper strips were 
used and ascending method was applied. As developing solvent systems, following 
mixtures were used: n-butanol-acetic acid-water (4:1:2 v/v), 70 % ethanol, n-bu- 
tanol saturated with water, 80 % phenol, ethylacetate-formic acid-water (10:2:3 
v/v) (16) and isopropanol-water-ammonia (10: 1:1 v/v). 

Ultraviolet Absorption Spectrum: The sample was prepared by eluting with water 
from a chromatogram run with butanol-acetic acid system, i.e. band of phenolic 
substance was cut out from the chromatogram under ultraviolet light and extracted 
with water. Optical densities of the water eluate were determined using a Beckman 
Model D. U. spectrophometer. 

Bioassay: The chromatogram containing the extract which represents 4 g of Helz- 
anthus leaves in fresh weight was divided into 18 pieces according to the fluorescence 
pattern, and each division was eluted in 10 ml of 2 per cent sucrose solution with 
10 wg of LAA. The biological activity of each eluate was measured by Avena straight 
growth method. For this method, Avena seedlings were grown at 25°C in the 
dark, and 3 hours after decapitation, 5 mm sections were cut from the decapitated 
coleoptiles, floated on 10 ml test solution, and their length measured after 18 hour 
incubation at 25°C in the dark. 

Hydrolysis: The eluate from the chromatogram was added to an equal volume of 
1 N KOH, and the mixture was heated on a boiling water bath for 15 minutes. Then, 
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nly 


the hydrolysate was acidified with 10 per cent acetic acid and fractionated with ether. 
Authentic Specimens: Chlorogenic acid (mp 202-204°C) was isolated from green 
coffee beans (Java) by Uritani and Matsumura’s method (18). Isochlorogenic acid 
was obtained as crude powder from coffee beans by Barnes et al’s method (1). 
Caffeic and quinic acid were obtained by alkaline hydrolysis of chlorogenic acid. 


Results 
The existence of growth inhibitors and color development inhibitors. 


0.0 05 Rr 10 The results of the bioassay 


eben ac a a gM has of plant extract chromato- 

A gram are shown in Fig. 1 B. 

| | oo. | There are three growth in- 
110 YELLOW YELLOW hibiting zones (Rf 0.60-0.72, 


Rf 0.74-0.83 and Rf 0.88-0.94, 
70 % ethanol) on a chro- 


matogram. To detect the 
color development inhibitors, 


( % OF CONTROL ) 


dried chromatograms were 
tested with Salkowski-Link’s 
reagent (0.1 % FeCl3: 20 % 


Fig. 1 Chromatograms of ethanolic extract of HCl, 1: 1 v/v) (20) ‘after 
Helianthus leaves, developed in 70 % ethanol. 


GROWTH OF AVENA COLEOPTILE SECTIONS 


spraying with JAA solution 

A: Tested with Salkowski-Link’s reagent after in concentration of 300 mg/l. 
spraying with IAA solution. 

B: Assayed in Avena straight growth method. Then, the two yellow spots 
Elongation of Avena coleoptile sections in which resulted from the lack 
eluates from the divided chromatogram con- 


f “> - 
taining 1 mg/1 IAA and 2 % sucrose. Eluates of Salkowski’s reaction (Rf 


from the corresponding parts of a blank 0.63-0.72 and Rf 0.77-0.83, 
chromatogram were used as control of this 70 % ethanol) appeared on 
experiment, 


the pink background (Fig. 
1A). These two spots corresponded to the lower two growth inhibiting zones on the 
chromotogram of Fig. 1B. If the chromatogram was exposed to ultraviolet light, 
two spots of strong fluorescence were observed above Rf 0.6 of the chromatogram. 
These two spots always correspond to the two growth inhibiting zones of Fig. 1B 
and also to the two yellow spots of Fig. 1A. 


The identification of growth inhibitors and color development inhibitors. 


These substances gave green color with ferric chloride, this phenomenon suggests 
that these two substances were ortho-dihydroxy phenols. The chromatographical 
behaviors and color reactions of spot 1 and 2 were greatly similar to those of 
chlorogenic and isochlorogenic acid (an isomer of chlorogenic acid), respectively 


Nov. 


-Dec. 1957 


Solvent 


BuOH-AcOH-H,O 
Ethanol 
Phenol-Water 
Butanol-Water 
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Table 1 
A. Rf values of growth inhibitors 
Rf value 
Spot 1 Spot 2 Chlorogenic acid Isochlorogenic acid 
0.58 ORS 0. 58 Onn? 
0. 65 0. 80 0. 67 0. 82 
0. 18-0. 32 0. 18-0. 32 0. 22-0. 35 0. 19-0. 34 
0. 10-0. 25 0. 10-0. 25 0. 10-0. 25 0. 10-0. 25 


B. Color reactions of growth inhibitors 


Reagent Color reaction 
Spot 1 Spot 2 Chlorogenic acid Isochlorogenic acid 
FeCl3 green green green green 
NH3-vapour yellow yellow yellow yellow 
UV-fluorescence blue blue blue blue 
UV-fluorescence greenish greenish greenish greenish 
with NH3 blue blue blue blue 
Hopfner’s orange orange orange orange 
(Table 1). Ultraviolet absorption spectra of the two spots were quite the same with 


that of chlorogenic acid (Fig. 2). Uritani 
and Miyano (19) compared the UV- 
spectrum of chlorogenic acid with that 
of its isomers, and showed a close resem- 
in the 
between chlorogenic acid and its isomers. 


blance UV-absorption spectra 
So the absorption spectra of the eluates 
of the two spots of Fig. 1 and that of 
chlorogenic acid show that spot 1 and 2 
are chlorogenic and isochlorogenic acid, 
respectively. 

Under alkaline hydrolysis of the 
eluates of the spots, caffeic acid was 
detected in the ether soluble fraction of 
respective hydrolysate; and quinic acid 
was found in the ether insoluble fractions 
(Table 2). Caffeic acid was easily deter- 
mined by its characteristic color reaction 
with Hopfner’s reagent yielding red color. 
Quinic acid was detected by spraying 
with B.C.G. indicator or with potassium 
permanganate solution (4). It was thus 
demonstrated that both of the two spots 
in question consisted of caffeic and 
quinic acid. 


220 260 300 340 


mp 
Fig. 2 Ultraviolet absorption spectra 
of eluate of spot 1 and spot 2, and chloro- 
genic acid. 
—O—- chlorogenic acid 
——-@—— eluate of spot 1 
—A—— eluate of spot 2 
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Based on the data obtained, the authors confirmed that spot 1 and spot 2 were 


chlorogenic acid and isochlorogenic acid, respectively. 


The effects of chlorogenic acid on Avena coleoptile and Salkowski’s reaction. 


The effects of chlorogenic acid on Avena straight growth are shown in Fig. 3 
and Fig. 4. Fig. 3 shows the straight growth of Avena coleoptile sections in different 
concentration of chlorogenic acid, in the presence of 2 per cent sucrose and 1 mg/1 

Table 2 


Rf values and color reactions of hydrolysate of growth inhibitors 


Ether soluble fraction 


of hydrolysate of Caffeic 
Solvent Spot 1 Spot 2 acid 
BuOH-AcOH-H:,0 0. 86 0. 86 0. 87 
Ethylacetate-Formic acid 0. 93 0. 93 0. 94 
Phenol-Water 0. 48 0. 47 0. 49 
Reagent 
FeCl3 green green green 
UV-fluorescence blue blue blue 
UV-fluorescence with NH3 blue blue blue 
H6pfner’s reagent red red red 
Ether insoluble fraction 
of hydrolysate of Quinic 
Solvent Spot 1 Spot 2 acid 
BuOH-AcOH-H;O 0.39 0.38 0.36 
Ethylacetate-Formic acid 0.10 0.12 0.10 
Phenol-Water 0. 20 0. 20 0.18 
IAA. And Fig. 4 shows the 
WA . . . 
results of similar experiments 
i in the absence of IAA. As 
100 


shown in Fig. 3 and Fig. 4, 
when [AA is present, chloro- 
genic acid shows only inhibi- 
50 ting action on growth, while, 
in the absence of IAA, it causes 
an obvious growth promotion 


GROWTH OF AVENA COLEOPTILE SECTIONS 


lhe at 10-4M. As the growth curve 
10 10’ ee Koy 4 : . 
Mol. of Avena coleoptile sections in 
CONCN. OF CHLOROGENIC ACID diff 4 
Fig. 3. Elongation of Avena coleoptile sections in 2% eeDt Cone Mpls of 


Sucrose with IAA of Ilmg/l and different chlorogenic acid, shown in Fig. 


concentration of chlorogenic acid. Growth 4 closely resembled that of the 
was measured after 18 hr. at 25°C and is 


expressed as per cent of that in absence of accelerator-a of Bennet-Clark 
chlorogenic acid. and Kefford (2), chlorogenic 


Nov.-Dec. 1957 Bot. Mag. Tokyo, Vol. 70, Nos. 833-834 367 


acid was developed with isopropanol-water-ammonia, the same solvent that has 
been used for investigation of the accelerator-a. Clif developed quantity is extremely 
small, its Rf value becomes strictly 0.0.) 

Using Salkowski-Tang’s reagent (0.5 M FeCl;: H,0: H2SO,, 15: 500: 300 v/v) 


(17), the effects of chlorogenic’ acid on color reaction was studied. The reagent 
was added to 15 mg/l IAA solution 


containing various amounts of chloro- 


% 


a ; 150 

genic acid, and the color densities were 

measured after 30 minutes using photo- 

electric photometer with green filter. 100 y 2 


As shown in Table 3, chlorogenic acid 
at a concentration of 10-3 M decreases the 
color development of IAA by approxi- 
mately three-fourths. 

Caffeic acid and catechol (13) have fo) 
the same activity as chlorogenic acid on 


50 


GROWTH OF AVENA COLEOPTILE SECTIONS 


=00 = 5 -3 
10 10 10 Mol. 


CONCN, OF CHLOROGENIC ACID 
Fig. 4 Similar to Fig. 3, but IAA is not 
DOPA and protocatechuic acid have a added to the medium. 


Salkowski’s color reaction of IAA, and 


low activity on the inhibition of the color reaction. 


Discussion 


As the results of this investigation, three growth inhibitors were detected in 
Helianthus leaves, and two among these three inhibitors were identified as chlorogenic 
acid and isochologenic acid. By comparison of Rf values, these two substances 
correspond to the inhibitors reported by Konishi in shoots of Silene and spinach 
(Rf 0.5-0.6, 70% ethanol) (8), by K. Koshimizu and Mitsui in bamboo shoots (Rf 
approx. 0.65, 70 % ethanol) (9) and by T. Koshimizu and Hiraiwa in dormant axillary 
bud of Nandina domestica (Rf 0.5-0.7, 70 % ethanol) (10), but not to the inhibitor-@ 
of Bennet-Clark and Kefford (2). The 
positions of chlorogenic and isochloro- Table 3 
genic acid on chromatogram correspond Effect of chlorogenic acid on color reaction with 


to that of the accelerator-a@ rather than Salkowski-Tang’s reagent. 


to that of the inhibitor-@. Moreover, Concn. of chlorogenic acid | Decreased color 
the growth curve of Avena coleoptile in 15 mg/l IAA solution | densities in % 
sections in solutions containing different na Basti cease Ants eee 4 tein Svat ber ‘ : 
concentration of chlorogenic acid, in the yay 0 
absence of IAA, resembles that of the Qt eS AO Re ee ae 25.5 
accelerator-a@, so it seems that chloro- 16-3 jana a bible Sei eau eee 


genic acid or its isomer is the accelera- 
tor-a@ itself. This assumption is confirmed by the occurrence of the accelerator-a 
(7) and chlorogenic acid (14) in the same material, namely etiolated sunflower 


368 fi % ME we S70 4 sf 833-834 3 Hag 32 4 11-12 A 


seedling. Chlorogenic acid changes the acidity of the medium of Avena straight 
growth test, and the effect of chlorogenic acid on growth of coleoptile sections seems 
to depend on its effect on changing the pH of test solution. 

Caffeic acid, a hydrolysed product of chlorogenic acid, however, inhibits the 
growth of coleoptile in high concentration (10-4-10-3 M) in wide range of pH values. 
This inhibitory effect of caffeic acid, the wide distribution of chlorogenic acid in 
plants (5, 6, 14, 15 and 16) and the probable occurrence of this acid in dormant 
bud of Nandina domestica (10) let the authors have an idea that chlorogenic acid 
has some role on growth inhibition of plants in general. The physiological effect of 
chlorogenic acid on plant growth in relation to that of caffeic acid will be reported 
later. * 

It was also proved that in Helianthus leaves there were two substances which 
inhibit Salkowski’s color development. The presence of such substances in plant 
tissues makes caution necessary in studies of plant growth hormones especially the 
identification of JAA extracted from plant materials and the estimation of [AA- 
oxidase activity of tissue sections using Salkowski’s reagent. 


Summary 


This study was made to demonstrate the relationship between certain growth 
inhibitors and Salkowski’s color reaction inhibitors, and to identify these substances. 

1) In ethanolic extract of Helianthus leaves, there are three substances which 
inhibit the IAA induced growth of Avena coleoptile sections. 

' 2) Two of them also inhibit Salkowski’s color reaction of IAA. 

3) These two substances were identified with chlorogenic and isochlorogenic 
acid, respectively. 

4) Chlorogenic acid inhibits, at 10-4-10-3 M, the IAA induced growth of Avena 
coleoptile and, in concentration of 10-4 M, promotes the elongation in absence of JAA. 

5) These effects of chlorogenic acid on growth seem to depend on the change 
of pH of the test solution due to the addition of different concentration of the acid. 
But the facts that caffeic acid has an inhibitory effect on growth and the probable 
occurrence of chlorogenic acid in dormant bud, let the authors have an idea that 
chlorogenic acid has some role on growth of plant. 

6) Chlorogenic acid decreases Salkowski’s color development. 

7) The growth curve of Avena coleoptile sections in solutions containing various 
concentration of chlorogenic acid and the Rf value of chlorogenic acid resemble 
those of the accelerator-a of Bennet-Clark and Kefford. 


The authors wish to express their gratitude to Ass. Prof. T. Yamaki of the 
University of Tokyo for his leadership during the investigations. Also grateful 
acknowledgments are made to Prof. S. Hattori and Prof. M. Monsi of the University 
of Tokyo who gave the authors helpful advice. 
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It has been reported that several plants can initiate flower primordia when 
cultured in total darkness. To such plants belong not only some short-day plants,!2 1) 
but also many long-day plants such as Spinacia oleracea, Pisum sativum, Raphanus 
sativus, Baeria gracilis, Rudbeckia bicolor and Silene Armeria©W) 

The present experiments were performed with aims to examine the effects of 


nutritional conditions upon the growth and development of wheat plants in aseptic 
culture in test tubes and to test the possibility of flower initiation in total darkness. 


Materials and Methods 


One of the most early-flowering varieties of spring wheat, Konosu No. 25, was 
used for the present study on account of its short life cycle. In a preliminary 
experiment, it was observed that the plant initiates visible ear primordia two weeks 
after germination under continuous illumination. 

The basic culture medium was the modified White’s solution. It contains: 
Ca(NO;)2-200mg, Mg SO,-360mg, Na2SO,4-200mg, KNO3-80mg, KCl-65mg, NaH2PO4-H20 
-16.5mg, MnSO,-4.5mg, ZnSO,-1.5mg, KI-0.75mg, Fe-citrate-4mg, Ebios-500mg, Agar- 
8g and distilled water 1000ml. Five groups of the culture media which contained 
0,2, 4,8 and 10 per cent sucrose of chemical grade respectively were prepared. About 
10ml of the culture medium was poured into an 18150mm test tube and autoclaved 
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at 1.6atm for 20 minutes. Initial pH was adjusted to 5.6-5.8 with 0.1N KOH. 

For the sterilization, seeds were 1) soaked in cresol-water 1:10 solution for 
5 minutes, 2) washed in distilled water several times, 3) soaked in 75 per cent 
alcohol for 5 minutes, 4) soaked in 10 per cent solution of chlorinated lime for 
30 minutes and 5) washed in sterilized distilled water several times until the smell 
of chlorine disappeared in the waste water. 

Experiments were started on October 8, 1955. Two grains of the seed were 
aseptically sown in each test tube and were grown under three light conditions: 
total darkness, 8-hour short-day and continuous light. The sources of artificial 
light consisted of four 100 watt incandescent lamps and one 20 watt daylight 
fluorescent lamp, the luminosity at the plant level being about 1000 lux. In the 
daytime, they were supplemented with diffused daylight which had about one fiftieth 
of natural daylight intensity. All cultures were placed in a room kept at 20+2°C. 

The observations were carried out 50 days after germination in the long-day 
series, 56 days in the short-day series and 108 days in the dark series, when the 
flower primordia were recognizable. 

The flowering stage and number of leaves produced on the shoot were observed 
under a binocular microscope. The former was recorded according to the arbitrary 
scale given in Table I. The leaf number of tillers, which were often produced in 
the dark culture, is the sum of the number of the leaves on tiller itself and that on 
the main shoot up to the node on which the tiller branched. 

The dry weights of the plants were measured about one week after harvest 
when the materials attained constant weight in a desiccator after having been killed 
in an electric oven at 110°C. 


Table I. Values assigned to stages in development 
of the flower primordia 


Values Description of the shoot apex 
0) Vegetative, smooth dome 
0.5 Slightly elongated apex 
1 Elongated phalloid apex 
2 Double ridge 
3 Formation of side spikelet 
A Anther initials visible 
5 Heading 


Table II. Culture of Konosu No. 25 under continuous illumination, 
from October 9 to November 28, 1955 


Sucrose concns. 0% 2% A% 8% 10% 
No. of plants observed 29 20 14 20 30 
No. of plants with flower 29 20 f 14 20 30 
Leaf number 5. 2740.08 5.08+0.05 5. 13-40. 09 5.1740. 08 5.09+0. 06 
Flowering stage 4.29 +0.11 4.39+0.11 4.90+0. 03 4.90+0. 06 4. 88+ 0. 06 
Stem length in mm 117,846.05 162.0 +4.89 155.7 +5.55 167.3 +6.39 158.8 +5.49 
Fresh weight in mg 154.8 151.5 146. 4 150.0 145.9 


Dry weight in mg 24.2+0.70 35.5 £1.65 46.141.79 60.341, 85 60.0 .+2.31 
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Table Il]. Culture of Konosu No. 25 in short days, 
from October 9 to December A, 1955 


Sucrose concns. 0% 2% A%G 8% 10% 
No. of plants observed 19 25 29 19 24 
No. of plants with flower 3 as 29 19 24 
Leaf number 8. 00" 6./6+0.12 6.9740.11 7.3140.15 6.79+40.15 
Flowering stage 0.5+0. 00 Zone. OT 3.04-+0.07 eae Osa 2.84+0. 16 
Stem length in mm SEO, 67 89.2 +£3.81 © 95.6 43.15; 97.1 45.38 87.3 42.45 
Fresh weight in mg LTS? 125.0 152.4 161.9 151.3) 
Dry weight in mg USS Sede OD Sook aed.88 45/2) 221.53 55,4 222.15 56.3 421. 69 


* The leaf number of plants with flower 


Table IV. Culture of Konosu No. 25 in darkness, 
from October 9, 1955 to January 25, 1956 


Sucrose concns. 0% 2% A%G 8% 10% 
No. of plants observed 10 29 32 22 30 
No. of plants survived 0 @) 20 20 23 
Survival percentage 0 (6.9) 62.5 90.9 76.6 
No. of plants with flower — 0 it 16 il 
% of flowering plants 
against survivals —- 0 35 80 es) 
Leaf number in 
flowering stem — — 10.42+0.20 10.38+0.15 10.3540. 26 
Flowering stage — ~~ 0.504 0. 00 0.69+0. 06 0. 7640. 09 
No. of tillers developed 
per survival 0) 0 0.9 1.0 1.0 
No. of leaves per live stem — KO) 10.1 10.3 ORS 
dead stem Dao. 6.6 7.4 G0 ee 
Length of live stem — (645. 0) 207.7+20.0 156.04 9.6 196.1+16.4 
dead stem LSOKOL 79M 313-4 A: 0 26750 1053 2227825146) 9 218) sae 322, 
Fresh weight of live plant — (209. 0) 176.5 146. 6 134. 0 
Dry weight of live plant — (Al. 0) 46. 5+2. 20 48.7+2.99 54.44 3. 67 
dead plant 15.6 ON 3225 29.0 34. 0 


( ): Plants were partly imbedded in agar medium. 


Results 


The results are represented in Tables IJ, III, IV and V. 

1) Generally, the wheat plants developed in the test tube were very small in 
size as compared with the normal plants grown in the field. This apparently 
“adaptive” growth in probably due to the limited supply of food materials, since 
in sand culture without fertilizer the plant developed also much smaller size than 
the normal. 

The growth of the wheat plant in the test tube depended largely on light 
conditions and also on sucrose content of the culture medium. Under continuous 
illumination, all plants grew fairly well and developed flowers even on the medium 
without sucrose, whereas in short days all plants grew meagerly and only 3 out of 
19 plants could initiate flower primordia on the sugarless medium. in the dark, no 
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plants could survive without sugar, and on the medium. containing the lowest con- 
centration (2%) of sucrose, were alive only two plants whose shoots were partly 
imbedded in the medium. 

2) Stem lengths of the plants cultured under continuous light or short-day 
conditions were nearly the same irrespective of the sucrose concentrations ranging 
from 2 to 10 per cent in the media, although those cultured on the medium without 
sucrose showed markedly small values (Tables II and III). 

Under continuous darkness, stems were elongated markedly and showed an 
etiolated appearance, but their growth seems to be restricted to a certain limit 
(Table IV). The tops of main axes in the dark-grown plants were almost dead 
after having reached this limit, and on the media containing more than 4 per cent 
sucrose, tillers developed. On sugarless media, the shoots elongated up to 180mm 
and were all dead, probably due to the exhaustion of reserve materials. In the 
presence of sucrose in the medium, further but limited stem elongation could occur, 
a maximum value of 313mm being attained on the 2 per cent sucrose medium. 
The length and the number of dead stems and dry weight of dead plants had 
nearly the same limited values except the lower value on the sugarless medium. 

3) Fresh weight was not varied remarkably with sucrose concentrations in long 
days, but it showed relatively lower values on media without and with 2 per cent 
sucrose in short days. It is remarkable that the fresh weight of the dark grown 
plants decreased with increasing sucrose concentrations. 

Dry weight was greatly affected by the sucrose added. With increasing sucrose 
concentrations, the dry weight of plants increased under all light conditions. 

4) Number of leaves formed on the axis before flowering was not so much 
affected by sucrose concentrations either in long or short days, although a somewhat 
higher value was obtained on the sugarless medium. In the darkgrown plants, the 
leaf numbers were nearly equal on the media with more than 4 percent sucrose. 

5) Flowering stage was not varied by sucrose concentrations in long days. In 
short days somewhat lower value was obtained in the series without sucrose. In 
the dark culture, although the development of flower primordia was slow and poor, 
a gradual increase in flowering stages was observed with increasing sucrose con- 
centrations. The details of flower development in darkness are represented in 
Table V. 


Table V. Development of flower primordia in the dark culture 
a. Observation 103 days after inoculation 


% of sucrose aati ___Values* 
in media CO re ee ae Ue he Mean 
0 re Pega ye 
2 0 0 0 0 0 0 0 0 0 
4 7 0 0 0 0 0 0 0 0.5+0. 00 
8 u A 1 0 0 0 0 0 0.69 +0. 06 
10 1 3 2 1 0 0 0 0 0.76-£0. 09 


Noy. -Dec. 1957 Bot. Mag. Tokyo, Vol. 70, Nos. 833-834 373 


b. Observation 135 days after germination*? 


10 9 8 2 0 0 2 2 0 29 0023) 
10*8 3 0 5 2 8 2 Hl 0 2.0540. 19 
*1 See Table I 


“2 Experiment performed with the aims to test the effects of phosphate on flower initiation, 
*3 Medium contained 5 times phosphate in excess. 


Discussion and Conclusion 


The growth and development of wheat plants are accelerated by light.D-® The 
longer the day length is, the faster the plant grows. This is probably due, at least 
in part, to the increased photosynthesis as pointed out by Pohjakallio.” 

Sucrose added to the culture medium increases the dry weight with increasing 
concentrations, but no significant differences in the fresh weight, stem elongation 
and flowering stage are found on the media with more than 2 per cent sucrose under 
long- and short-day conditions. 

In the dark culture, the stem elongation and fresh weight are somewhat decreased 
with increasing sucrose concentrations, although the dry weight and flowering stages 
are increased. These results indicate that light affects the growth of plants not 
only by the production of carbohydrates, but also by other influences on some 
metabolic processes as suggested by Went.) 

For the successful culture of higher plants under “heterotrophic” conditions, 
some practical difficulties must be overcome: The quality and quantity of the nutrients 
which are essential to the normal development of the plant must be clarified. A 
suitable method of supplying nutrients must be contrived. And last, the abnormal 
elongation or etiolation which may alter the physiological activities, must be inhibited 
by some means. 

One of the examples of success in culturing higher plants heterotrophically to 
maturity was given by Spoehr™. He cultured albino maize by feeding with sucrose 
given to the cut ends of the leaves under diffuse light. The plants grown under 
this condition, free from etiolation, were sturdy and developed to pistillation. But 
the exclusion of light is preferable for “ heterotrophic” culture, since the light may 
have other biochemical effects besides photosynthesis. 

Gorham has also succeeded in culturing Lemna under absolute darkness.» In 
this case the plants were fed with mineral nutrients containing sucrose, organic 
nitrogen (e.g., amino acids) and other growth factors (e. g., yeast extract) through 
the fronds. 

In the present work the wheat, Konosu No. 25, grew at least for 135 days after 
germination and developed to the flowering stage 4 (see Table I) on the mineral 
medium containing 10 percent sucrose in absolute darkness. The plants showed 
the typical symptoms of etiolation. The elongated main axes were almost dead 
after a limited growth and further growth and development was succeeded by the 
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new tiller, which was brought about by adding the higher concentrations of sucrose. 
The most vigorous growth, however, was observed when some parts of shoots had 
been imbedded in agar medium and the nutrients were supplied through the leaves. 

For the initiation of flower primordia and the development up to anther formation 
at least, light is not indispensable in the wheat plant, but the number of leaves 
formed on the axes before flowering—the number is directly related to the develop- 
ment’’—is influenced by light period. Before flowering, Konosu No. 25 develops 
about 5 leaves in the long day, 7 in the short day and 10 in darkness. The results 
are interesting as compared with those obtained in other plants by previous authors 
(Table VI). 


Table VI. Number of leaves on flowering shoots 


Photoperiodic conditions 


Materials } Researchers 
Long day Short day Darkness 
Alaska pea 7 12 7 Leopold, A. C. 6 
Raphanus sativus L. 8.7 E1538 11+1.0 Be2ee le Tashima, Y. 1) 
Baeria gracillis 4. 8*1+0.15 Veilict=0n28 6.2+0.16 Takimoto, A. *? 
Wheat (Konosu No. 25) Bal HA 10 


*1 Continuous light 
*2 Report presented in the 20th General Meeting of the Botanical Society of Japan at Hiroshima, 
1955. 

With regard to the effects of light on flowering, three cases were found. 

1) Short day treatment retards flower initiation as compared with long-day and 
dark treatments: Pea and radish. 

2) Increasing duration of light accelerates flower initiation: wheat. 

3) Long-day treatment accelerates and short-day treatment retards the initiation 
of flower primordium as compared with dark treatment: Baeria. 

In a recent paper Sen and Leopold,” citing the works of Tashima! and others 
on the dark cultures of radish and other plants, have recognized the physiological 
significance of sugar added to the medium in flower initiation. As shown in the 
present work (Tables II, IJ, IV), under short days and especially in dark culture 
the amount of sugar added to the medium has a very significant influence not only 
upon the survival of plants but also upon the flowering in wheat. The flowering 
percentage and flowering stages increase with increasing sugar concentrations. 
Under continuous illumination, however, sugar has, if any, a very slight influence 
on flowering. The lengthening of light period seems to compensate for the absence 
of sugar in the culture medium. This may be interpreted from the nutritional 
standpoint. 

But in all plant in Table VI, with exception of wheat, flower initiation occurs 
earlier in dark culture than in short-day condition, suggesting that short days retard 
flower initiation. This indicates that the alternation of light and darkness is not 


only nutritionally but also morphogenetically of a decisive importance in flower 
initiation. . 


Nov.-Dec. 1957 Bot. Mag. Tokyo, Vol. 70, Nos. 833-834 375 


In contrast to the above plants, wheat initiates ear primordia earlier* in short 
days than in total darkness, suggesting that the nutritional factor plays a more 
dominant role in the initiation of flowers in the wheat than in the other plants 
such as pea, radish and Baeria. 


Summary 


1) The spring wheat, Konosu No. 25, was cultured on media containing White’s 
mineral nutrients and sucrose of various concentrations under three photoperiodic 
conditicns: continuous illumination, short days and total darkness. 

2) The effects of sucrose concentrations on the growth and development of the 
wheat plant were investsgated. For the normal development of the plants, more 
than 4 percent sucrose must be added in darkness, 2 per cent in short days and no 
sucrose in long days. On dry matter production, effects of sucrose were appreciable 
under all light conditions. 

3) In darkness the wheat plants could sustain their growth at least for 135 
days and initiate flowers on the media containing more than 4 percent sucrose. 

4) The number of leaves formed on the axes before flower initiation was 5 in 
long days, 7 in short days and 10 in darkness. 


I wish to express my deep gratitude to Prof. S. Imamura, Laboratory of Applied 
Botany in Kyoto University, and Assist. Prof. Y. Tashima of Kagoshima University 
for their helpful suggestion and criticism through the investigation. 
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* In the wheat the main axis dies almost entirely in the dark and ear formation occurs on 
tillers. It is doubtful, therefore, whether the leaf number of wheat, which includes the leaves 
produced on tiller and main axis before flowering, can be directly compared with that of other 


plants in the Table. 


The Effect of the Extract of Immature Bean Seeds 
on the Growth of Coleoptile and Leaf 
of Rice Plant 


by Yutaka MuURAKAMI* 


AE Wit: 4 ROF REY HOARICRIETFRACREOMM DOGS 
Received September 28, 1957 


The hormone relationships in the growth of cereal leaves are less understood 
than those in the coleoptile growth. In the previous papers’, it was demonstrated 
that the sucrose-induced growth in length of the leaf sheath sections isolated from 
young cereal leaves was greatly inhibited by auxin such as indoleacetic acid (AA) 
but stimulated by gibberellin. This IAA-inhibition was tentatively interpreted in 
terms of the so-called two-factor scheme proposed by Went». If this scheme is 
valid, then it will be expected that the growth of the basal regions of green leaves 
should not be affected by auxin. On the other hand, various growth substances 
other than IAA have now been found in several kinds of plant materials. Thus a 
principle or principles contained in the extract of immature bean seeds as reported 
by Mitchell, Skaggs, and Anderson” is an example. They observed that by the 
treatment with this extract the main axis of bush beans extended to result in the 
formation of very long internodes as in climbing beans. The writer found that 
similar responses were also observed if gibberellin was applied to bush beans. 
Hence, it seemed interesting to examine whether or not the growth of the intact 
rice seedlings is modified by the application of the above extracts. Such a study 
might give a clue to the elucidation of the hormone relationships in the growth of 
cereal leaves. 


Methods 


The rice seed used in these experiments was a race called “‘ Aichi-Asahi”. Seeds 
were soaked for 20 minutes in a 0.1 % solution of “Uspulun”. They were then 
washed thoroughly and allowed to germinate at about 28°C. When the emerging 
coleoptiles attained about 1 mm in length, the uniform seedlings were selected and 
used for experiments. 

_The extraction of immature bean seeds was carried out in a manner described 
by Mitchell et al. Approximately 30 g of immature bean seeds taken. from 
market pods that varied from 10 to 15 cm in length were extracted with moist 
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ether at room temperature for 20 hours. The ether extract was evaporated and 
the residue was dissolved in 0.5 ml of 0.01 N sodium carbonate for paper chromato- 
graphic studies. 

The extract so obtained was spotted on. the starting line of a sheet of Toyd No. 
00 filter paper (25 cm x35 cm), in 5 small spots about 2 cm apart (Fig. 1, A~C). 
The chromatogram was developed in the ascending manner in the solvent mixture 
of isopropyl alcohol/water/ammonia (D=0.88) (10:1:1) at about 25°C for 16 hours, 
by which time the solvent front travelled about 28 cm. A mixture of IAA, ethyl 
indoleacetate (EIA), and indoleacetonitrile (IAN) was chormatographed simulta- 
neously. (Fig. 1, D). The paper was then dried and cut lengthwise into 4 strips. These 
will be referred to as strip A, strip B, etc. Strips A and B were again divided 
transversely into 14 zones at 2cm intervals from the starting line. (see Fig. 1). 
Each chromatogram piece of strip A was placed in a wide-mouth bottle 3 cm in 
diameter and 8cm _ in 
height. To each bottle 1 1.0 


ml distilled water was 


added, and 10 rice seed- 
lings were planted in it. OSSh | atte. | ee Seas 
All bottles were placed in 


a large Petri dish which 


was kept in the glasshouse 0.6 


at about 28°C. The plants e2 


were grown under normal 


daylight conditions and 0.4 


were supplied with 0.5 ml 

distilled water every 2 0.2 
days. The length of coleo- ava 
ptile and that of the first 


and second leaf were 0 


|___- Starting 

line 

measured after 2 days and 
Fig. 1. Division of paper chromatogram of the ether 

extract of immature bean seeds. 

that time each leaf had The chromatogram was developed in isopropyl alcohol 


practically completed its /water/ammonia (10:1:1). Strip A was used for the 
determination of activity in the growth of rice seedlings, 
strip B for Avena straight-growth assay, strip C for spray- 
Strip. B was used for ing with p-dimethylaminobenzaldehyde, strip D for 
the Avena straight-growth determinations of standard spots of IAA, EIA, and IAN. 
assay of growth substances. Each paper piece was immersed in 2 ml distilled water 
in a wide-mouth bottle, and twelve 3.1 mm sections obtained from 2 cm oat coleop- 
tiles were floated on the test solution. The bottles were placed in a water-saturated 


atmosphere at 25°C. The lengths of coleoptiles were measured after incubation 


7 days, respectively. At 


growth. 


for 18 hours. 
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The positions on the paper chromatogram of known indole compounds were 
detected on paper strip D by spraying with p-dimethylaminobenzaldehyde (2 gin 
20 ml HCI (S.G. 1.16)+80 ml ethyl alcohol). Under these conditions IAA had Rf 
0.45, EIA Rf 0.9, and IAN Rf 0.85. 

IAA was a commercial product. The method of Jackson»was used to prepare 
EIA. IAN was prepared from gramine as described by Henbest, Jones and Smith®. — 
Gibberellin A mixture was kindly provided by Prof. Y. Sumiki. 


Results and Discussion 


The results of the ex- 
periments with paper strip 
A have been represented 
as histograms of the 


Growth (cm) 


lengths of the coleoptile 
(Fig. 2), the first leaf (Fig. 
3), and the second leaf 
(Fig. 3), plotted against Rf 
of the chromatogram. The 


Fig. 2. Activity in the growth of intact rice 
coleoptile, shown as histogram, of pieces cut from 
paper strip A. horizontal broken lines in 
Measurements were made after 2 days. Broken line 


the figures represent the 
represents the growth of control. 


growth of controls. 

In Fig. 2, where the 
effect of the extract on the 
growth of intact rice coleo- 


ptile was presented, only 
one growth-active zone 
was apparent at Rf 0.9. 
This growth promotion 
may be due to EIA or IAN 
since the active region 
Woon er herria saw ine rpoannosds _ auf lies close to the positions 

of standard EIA and JAN. 

Se ee ee | Ne = et ae ais a ae A Nan et ee a oe I Wt ee - . 

3 = io bes re" 0 Unlike the histogram pat- 


Rf tern “of Fig. “2, "that ‘of 


Fig. 3. Activities in the growth of foliage leaves Fig. 3 representing the 


of rice plants, shown as histograms, of pieces cut 
Bay ost effects of the extract on 


The upper histogram shows the growth of first leaf the foliage-leaf growth 
and the lower one shows that of second leaf. Measure- showed one growth inhi- 
ments were made after 7 days. Broken lines repre- biting zone of Rf 0.75 and 


sent the growth of controls. 
one growth promoting zone 


Growth (cm) 
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of Rf0.65. In both figures, however, there was no peak of growth promotion corres- 
ponding to IAA. In paper strip C sprayed with p-dimethylaminobenzaldehyde, a 
pale purple colouration appeared at the region of Rf 0.9, and no coloured spots could 
be detected in other parts of the strip. Therefore, it may be considered probable 
that the concentration in. the bean extract of IAA must be very low if it is present 
at all. 

The Avena straight-growth assay is known to be more sensitive than chromo- 
genic detection of IAA on the chromatogram. Hence, the paper strip B was ex- 
amined for the presence of IAA by the method of Avena straight-growth assay. The 
results are shown in Fig. 4, where two clear zones with growth activity were ap- 

parent. <A zone of Rf0.9 


EIA 


ay IAA TAN having growth-promoting 
ae a! een activity for the Avena 
& coleptile sections corres- 
= ponded to the area marked 
2 by the stimulation of the 
0 0.2 0.4 0.6 0.8 Lo growth of intact rice coleo- 

Rf ptile. The other active 

Fig. 4. Activity in Avena straight-growth assay, zone of Rf 0.45, which 


shown as histogram, of pieces cut from paper strip B. 


Initial length of section was 3.1mm. Broken line ! A 
represents the growth of control. tion of the IA marker 


spot, might be due to JAA. 
IAA seemed to be less 
effective on the intact rice 


corresponded to the posi- 


coleoptile, since its growth 
was not promoted by the 
eluate from the zone of Rf 
0.45. Accordingly, the 
effect of IAA, EIA and 
IAN on the growth of in- 
tact rice coleoptile was 


Growth (cm) 


compared. Ten seedlings 
were planted in 1 ml of 
each test solution in the 
bottles, and the length of 
coleoptile was measured 


0 0.1 1 10 100 after 2 days. Results of 
Concentration (yg/ml) the typical experiment 

Fig. 5. Effects of various concentrations of IAA, EIA are represented graphically 
and IAN on the growth of intact rice coleoptile. in Fig. 5. The data show 


(O) IAA, (@ EIA, (@) IAN. that EIA was the most 
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active compound in promoting the intact coleoptile elongation, and that it was the 
only compound tested having activity at low concentrations of 1-10 ug/ml. Also, 
IAN was active at concentrations above 10-50 ug/ml. However, JAA was inactive 
at concentrations below 50 wg/ml. These facts suggest that free IAA is not always 
favourable for the growth of the intact rice coleoptile. 

If IAN was present at concentrations above 50 ug/ml on the region of Rf 0.9, 
then one would expect to obtain an intense purple spot with p-dimethylaminobenz- 
aldehyde. As described above, the intensity of the colour developed with this rea- 
gent on the region of Rf 0.9 was too weak to account for the biological activity. 
Therefore, the compound detected on the chromotogram responsible for promoting 
growth of rice coleoptile may be EJA rather than IAN. For the identification of 
this compound a much larger scale experiment would be needed, and it will be the 
subject of future research. 

As previously stated, the histogram pattern of foliage leaves differed from that 
of coleoptiles. Namely, in the former no activity could be detected on the area 
corresponding to EIA, and growth promotion was found at the zone with Rf 0.65 
instead. A zone just above the growth-promoting zone showed inhibition of the 
growth of leaves. It appears that the substance in this zone might be identical with 
the inhibitor-@ of Bennet-Clark and Kefford”. The failure of the colour reaction 
with p-dimethylaminobenzaldehyde on these regions of strip C suggests that indole 
compounds were not involved in the growth activity of the leaf. 

The active principles were separated by large scale paper chromatography. 
From a number of chromatograms developed on a large sheet of paper, portion of 
the strip having growth-promoting activity was excised and eluted separately with 
boiling 70 % ethyl alcohol. The eluate was concentrated and was applied in form 
of a small drop to the unfolding leaf of young bush beans. Only that eluate which 
promoted the growth of rice foliage leaves was able to affect the growth of bush 
beans, which grew like pole types by applying this eluate. The other eluates were 
almost inactive. Therefore, it seems likely that the effect of the extract observed 
by Mitchell et al. may be attributed to a factor located in the zone of Rf 0.65 with 
the solvent system used. Rice seedlings treated with this eluate grew taller and 
their appearance was similar to that of gibberellin-treated plants.. Hence, for the 
sake of comparison, the Rf value of gibberellin A was measured with the same 
solvent system as employed above. The location of gibberellin A was’ made by 
bioassay of each successive region of the chromatogram with rice seedlings as 
test plant. A typical result is shown in Fig. 6. It is interesting that Rf of gibbere- 
llin A, 0.6-0.7, coincides with that of the growth-promoting. factor of the bean 
extract. 


Recently, Radley®) obtained evidence for the occurrence of substances resembling 


gibberellic acid in the extracts of young pea shoots. On paper chromatograms, 


using solvent mixture of chloroform/ethyl alcohol/water/formic acid (20:4:2:1), 
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an active zone was found to have the same Rf value as that of gibberellic acid. 
Very recently, Phinney, West, Ritzel and Neely? have also reported that in a variety 
of higher plants including beans substances are present which are indistinguishable 


from gibberellins in respect of their biological activity towards dwarf mutants of 
maize. 


In auxin studies it is 
frequently presumed that pal 
IAA or related indole com- 
pounds are either the do- Sue 
minant hormone or the 


only naturally occurring 


Growth (cm) 
bo 


growth promoter in plants. 
Thus IAA, EIA and IAN 
have now been isolated in 


crystalline form from dif- 0 0.2 0.4 0.6 0.8 1.0 
ferent plants. Auxin such Re 

t Fig. 6. Paper chromatography of gibberellin A (25 ug) 
as IAA has, in fact, been in ammoniacal isopropyl alcohol. 


shown to stimulate the Biological assay of gibberellin A was made by measuring 
the length of second leaf of rice plant after 4 days. Bro: 


growth of the sections of ; 
ken line represents the length of control. 


oat coleoptiles, and the 

“ Avena test” is widely used for the identification and quantitative estimation of 
natural plant growth hormones. However, auxin is almost inert for the growth of 
intact green plants. Although nothing is known at present about the chemical 
nature of the active principle of the bean extract, the experimental data seem to 
favour the view that indole compounds might not be involved in the growth pro- 
motion of foliage leaves of rice plants in the present work. 


Summary 


The effect of the ether extract of immature bean seeds on the growth of rice 
seedlings was studied. Attempts were made to separate active principles by paper 
chromatography. 

The growth of the intact coleoptile was promoted by the eluate from:the zone 
of Rf0.9 in the solvent mixture of isopropyl alcohol/water/ammonia (10:1:1). 
FIA and IAN showed similar Rf to that of the coleoptile growth-promoting sub- 
stance of the bean extract. Synthetic EIA was found to be 10 times more effective 
than IAA on the pormotion of rice coleoptile growth. 

On the other hand the growth of the intact foliage leaf was promoted only by 
the eluate from the zone of Rf 0.65 and inhibited by that of Rf0.75. Gibberellin 
A showed similar Rf to that of the leaf growth-promoting substance of the bean 


extract. 
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Fig. 1. Diagrams showing the modes of excision. Hatched areas, the excised parts 


of the cotyledon. 
: No excision, viz., normal. 
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% equal excision. Excision of the distal halves of both cotyledons. 
3% unequal excision. Excision of one cotyledon. 

equal excision. Excision of the distal parts of both cotyledons. 
unequal excision. Excision of main parts in one cotyledon and 
of the distal half in the other. 

Entire excision, viz., decot ylization. 
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Fig. 6. Types of prophylls on the cotyledonary axillary bud after-removal of the epicotyl 


at various stages. 


@ : Main axis. A : Removal of the epicotyl on 
the 3rd day of germination. 


Cotyledon. Direction of the distal end of the B : Removal on the 5th day. 
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cotyledon is shown by an arrow-head. Removal on the 8th day. 


Axis of axillary -bud. 
Prophyll of scale type like stipule. 
Prophyll of single leaflet type. 


Prophyll of two leaflets type. 
Prophyll of three leaflets type, viz., normal foliage leaf. 
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Summary 


Elongation of the hypocotyl, epicotyl and radicle depends upon the amount of 
excised cotyledon; the greater it is excised, the more elongation is suppressed ; in 
the case of the same amount of excision it comes out more prominently when equal 
amount is excised from the both sides of cotyledon than in that excised only from 
one side. Elongation is also more suppressed according an earlier excision. For- 
mation of lateral roots is as well more inhibited in the case of a greater amount 
and an earlier time of excision. By entire excision on the 1st day the differentiation 
of palisade and spongy parenchumata of the 1st leaves does not occur, but by the 
same excision after the 2nd day it takes place. Development of the shoot apex is 
likewise suppressed by cotyledon excision. 

Most of the 2nd leaves show a tendency to develop on the site above right side 
cotyledon; and by entire excision of either right or left cotyledon the phyllotactic 
position of them can be altered. 

By removal of the epicotyl an axillary bud sprouts from the axil of each coty- 
ledon. The stronger the cotyledonary activities were at the time of epicotyl removal, 
the more those axillary prophylls exhibit a scale nature like stipule; then it seems 
there may be some factors in the cotyledon which could suppress the development 
to foliage leaf of such prophylls. 
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Summary 


A study was made on the nuclear conjugation in diploidisation by the doubly 
compatible diploid mycelium, using Coprinus macrorhizus f. microsporus (a tetrapolar 
fungus). A small diploid mycelium was inoculated at the periphery of a large 
haploid mycelium. One of the nuclei of the diplont derived from the same fruit- 
body with the haplont and the other from a different fruit-body. Both nuclei of the 
diplont were compatible with the nucleus of the haplont. Nuclear constitution of 
the diploid mycelium resulting from the doubly legitimate combination was analyzed. 
The result showed that, in many combinations, the nucleus of the large haploid 
mycelium conjugated with that from the different fruit-body, but, in some combi- 
nations, with the nucleus from the same fruit-body. The above result may be 
well explained on the assumption of modifiers which control the affinity of conjugation 


between two compatible nuclei. 
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Résumé 


Chrysanthemum Yoshinaganthum is an endemic species, having a limited habit 
along the bank of the River Naka in the Province of Awa, Shikoku, Japan. 

By means of cytological, systematical, and geotaxonomical studies, the following 
facts have been found: 1) In the valley on the upper-stream grows only the typical 
race (race A) of this species. 2) Inthe valley on the mid-stream grow the natural 
hybrids between Ch. Yoshinaganthum and Ch. indicum (2n=36). 3) In the valley 
on the down-stream grow newly developed two ecological races (race B and race C). 
4) The three races have the number of chromosome 2n=36. 5) The three races 
differ, with one another, in the conjugations of chromosomes at meiosis I. 6) The 
differentiation of the races B and C must have originated by the difference in the 
combination of chromosomes. 
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1) Anderson, E., Evolution 2: 1 (1948). 2) -, Introgressive Hybridization, New York 
(1949). 3) Clausen, Jens, Stages in the Evolution of Plant Species, New York (1951). 4) Kita- 
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THE AUSTRALIAN ACADEMY OF SCIENCE 
Box 6 GPO Canberra ACT 


Dear Sir, 


On behalf of the Australian Academy of Science I wish to offer sincere congratu- 
lations of the 75th anniversary celebrations. 

Unfortunately it will not be possible for the Academy to be represented at your 
Meeting in October, but you may be assured of our good wishes. 


Yours sincerely, 


J. C. Eccles 
President 


DET KONGELIGE DANSKE 
VIDENSKABERNES SELSKAB 
Kantes Plands 5. Kébenhavn V 


Dear Sir, 


The Royal Danish Academy of Sciences and Letters has with great interest 
and with best thanks received the information that the Botanical Society of Japan, 
Tokyo, is about to celebrate the 75th anniversary of its foundation, and our Academy 
very much appreciates the kind invitation to be represented at the celebration. 


We regret, however, to inform you that owing to the long distances and the 
very expensive travelling expenditures, our Academy will not be able to send a 
delegate to the Annual Meeting, which will take place in Tokyo from October 12 
to 14. 


Our Academy is thinking you heartily for the important relationship between 
your Society and scientific institutions in our country. It is with the warmest 
feelings that we add our hearty greetings to the many others which you will surely 
receive on this occasion, and we express our sincere wishes for a successful and 
glorious future for the Botanical Society of Japan. 


Yours sincerely 


Niels Bohr Jakob Nielsen 
President Secretary 
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SUOMALAINEN ELAIN-JA KASVITIETEELLIEN SEURA VANAMO SOCIETAS 
ZOOLOGICA BOTANICA FENNICA VANAMO 


Helsinki, Snellmaninkatu 9-11——Suomi (Finlande) 
Botanical Society of Japan, 


The Finnish Zoological and Botanical Society Vanamo sends respectful congratu- 
lations to the Japanese Botanical Society on the occasion of the 75th Anniversary 
of its foundation. 


Your publications tell of a flourishing cherry orchard of knowledge tended by 
skilful hands. May it flourish eternally beneath the Japanese sun. 


The Finnish Zoological and Botanical Society Vanamo 


Viljo Kujala Tarvo Oksala 
President Secretary 


A La Société Botanique du Japon 
a Tokio 
La Société Botanique de France 
est heureuse d’exprimer 
a la Société Botanique du Japon 
ses plus chaleureuses félicitatations a l’occasion de son 75eme Anniverssaire et elle 
est particuliérement flattée et reconnaissante d’avoir été invitée a prendre part aux 
Cérémonies Jubilaires. 
Pleine d’admiration pour loeuvre scientifique de la Savante Socitété Japonaise, 
Elle forme le voeu que l’avenir lui réserve une riche moisson d’importants travaux 


et de glorieux lauriers. 


Le Président de la Société Botanique de France, 


Moure 


Der Botanical Society of Japan, 


Zur Feier des 75jahrigen Bestessens der Botanical Society of Japan entbietet die 
Deutsche Gesellschaft der Schwester-Gesellschaft ihre tiefempfundenen Grtickwiin- 
sche. Diese Gliickwiinsche sind umso herzlicher, als unsere beiden Gesellschaften 
- in diesem Jahr auf das gleiche Alter zuriickblicken kénnen. 


Als im Februar 1882 Jahre Gesellschaft unter der Initiative vou R. Yatabe und 
einigen wenigen jungen Botanikern mit Tatkraft und Enthusiasmus gegriindet wurde, 
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berand sich die Botanik in Japan noch in den Anfingen. Seit dieser Zeit hat die 
botanische Wissenschaft in Japan einen ungeahnten Anfschwung erlebt, und japanische 
Forscher haben auf allen Gebieten hervorragendes zur Vertiefung unserer Kenntnisse 
geleistet. Dass in den vergangenen Jahren ein derartiger Wandel stattgefunden hat, 
ist in erster Linie das bleibende Verdienst Ihrer Gesellschaft und der Aktivitat Ihrer 
Mitglieder. Ihr allbekanntes ,, Botanical Magazine “ ist ein sprechender Beweis dieser 
Titigkeit. Zu diesen Erfolgen méchten wir Sie am heutigen Tage ganz besonders 


begltickwtinschen. 


Wir schitzen uns gliicklich, dass die Beziehungen zwischen den japanischen und 
deutschen Botanikern stets die allerbesten gewesen sind. Hervorgehoben sei der 
herzliche Fmfangen A. Engler am 25. 7. 1913 in Ihrem Kreise fand. 


Wir wiinschen der der Botanical Society of Japan weiterhin gliickliche und er- 
folgreiche Tatigkeit zum Segen unserer Scientia amabilis! 


Der Vorstand der 
Deutschen Botanischen Gesellschaft 


Dr. Hans A. Uschdraweit 


THE INDIAN BOTANICAL SOCIETY 
Professor J. Venkateswarlu Department of Botany 
Secretary Undhra University 
Waltair, India 


The Indian Botanical Society, its President, Office bearers and Members thank 
you very much for your letter of February 22, 1957. On their behalf and on my 
own behalf I wish to convey to you our very sincere and very hearty felicitations 
and greetings on the occasion of the 75th anniversary of your learned society. Our 
Society has followed with deep interest and appreciation the very good work and 
achievements of your Society in the field of Botanical Science and allied Sciences. 
We hope that in the years to come a greater cammunication and exchange of ideas 
will take place between our two Societies, the co-opperation between the members 
of which will no doubt further the cause ot Botanical Science and its achievements 
and benefit mankind in its manifold aspects. 


Wishing yau all success in the deliberations of the 75th anniversary session 
of your learned Society. 


J. Venkateswarlu 
Hon. Secretary 
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KONINKLIJKE NEDERLANDSE 
BOTANISCHE VERENIGING 
le secretaris 
Dr. A. Quispel 
Galileiplantsoen 113-Amsterdam-—O. 


The “Royal Botanical Society of the Netherlands” congratulates the “ Botanical 
Society of Japan” on the occasion of the celebration of its 75th anniversary. 


Unfortunately our countries are too far away off each other to send a delegate 
who could visit your anniversary meeting, meet his Japanese botanical colleagues 
and enjoy the famous Japanese flora of which so many beautiful species are cultiva- 
ted in our botanical gardens. While the Japanese people is well-known for its love 
and interest in flowering plants, your society has promoted the scientific study of 
all different aspects of Japanese botany. We hope that this study may be further 
stimulated by your society for many years. 


Yours sincerely 
Dr. J. Lanjouw Dr. A. Quispel 
President secretary 


POLSKIE TOWARZYSTWO 
BOTANICZNE 
Zarzad Glowny 
Warszawa, ul, Rakowiecka 8 


Dear Sir, 


We are extremely indebted for your kind invitation of your Society for the 
75th anniversary of the Botanical Society of Japan. 

Unfortunately we are unable this time to send our delegate to your Annual 
Meeting. This autunin was the election of the new authorities and this has caused 
the most deplorable delay of our message to your Society. 


We have always admired the leading role of the Botanical Society of Japan in 
the promoting and developing of the science of botany in your country. The Japa- 
nese contributions are undoubtedly ones of most important to the development of 


botany in the world. 

In occasion of the 75th anniversary of the Botanical Society of Japan we are 
sending you the most sincere wishes for the continuos and fruitful development of 
your Society and botany in Japan. 
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With best regards 


Secretary of the Botanical President of the Botanical 
Society of Poland Society of Poland 
Prof. Dr. Tadeusz Gorcyfski Prof. Dr. Henryk Telezynski 


SOCIEDADE BROTERIANA 


Instituto Botanico 
Dr. Jalio Henriques 
Coimbra 
Portugal Monsieur le Président, 


Depuis 1892 que les relations entre votre Société et la Sociedada Broteriana sont 
les plus cordiales. De notre part nous avons accompagné avec la plus profonde 
joie le développement de votre Société et nous avons été toujours heureux de con- 
stater le magnifique réle qu’elle a joué dans le progrés de la Science Botanique. Nous 
désirions donc prendre personnellement part dans les fétes commémoratives de votre 
75e€me anniversaire, pour vous présenter, au nom de la Sociedade Broteriana, nos 
plus vives félicitations et vous remercier tout ce que votre Société a fait pour le 
développement de la Botanique. Cependant, comme la Sociedade Broteriana ne peut pas 
envoyer un délégué aux commemorations, je viens, au moyen de cette lettre, féliciter 
votre Société et lui souhaiter un avenir assez plein de succes scientifiques. 


Veuillez agréer, Monsieur le Président, l’assurance de ma considération la plus 
distinguée. 
Le Président, 
Prof. Dr. A. Fernandes 


CONSEIO SUPERIOR DE INVESTIGATIONS CIENTIFICASS 
INSTITUTO DE ACLIMATION DE 
ALMERIA (Espana) 


Dear Sir: 


This is to acknowledge receipt of your kind letter of February 27, 1957 with the 
notice of the diamond jubilee of your leading society. 


Would be very interesting for us to accompany you in your Meeting, but we 
are not sure to be able to send a delegate from this Institute; but we will send to 
you by the end of next September a message with our best wishes for your society 
and your great country. 

Cordially yours, 
Fdo. Guillermo Verdejo. 
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SCHWEIZERISCHE 
BOTANISCHE GESELLSCHAFT 
SOCIETE BOTANIQUE 

SUISSE 


Sehr geehrter Herr Professor, 


Am 12. Oktober 1957 gedenken Sie in Tokio des 75-jahrigen Jahrestages der 
Grtindung der Botanischen Gesellschaft von Japan. In alle Welt sind Ihre Einladun- 
gen zur festlichen Feier ergangen, und Freunde aus aller Welt’ werden an diesem 
Tage sich mit Ihnen verbunden wissen. 

Es ist der Schweizerischen Botanischen Gesellschaft ein ehrenvolles und freudiges 
Anliegen, sich ebenfalls zu diesen Freunden zahlen und Ihnen zur Gedenkfeier die 
herzlichsten Gliickwiinsche entgegenbringen zu diirfen. Die gemeinsame Freude 
und Anstrengung im Dienste der botanischen Forschung verbindet und iiber die 
Meere hinweg und lisst uns freundschaftlich Anteil nehmen am schénen Gedeihen 
unserer hochgeachteten japanischen Schwestergesellschaft. 


Fur die Schweizerische 
Botanische Gesellschaft 


Der Sekretir Der Prasident 
A. Jarl A. Rutishauser 


BOTANICAL SOCIETY OF AMERICA, Incorporated 
Office of the President 


A Greeting from the President of the Botanical Society of America: 
Two thousand Members of the Botanical Society of America join me in sending 
our warm greetings and congratulations on the occasion of this 75th Anniversary 


meeting of the Botanical Society of Japan. 


We have long held your Society and its Members in high esteem. The “ Botani- 
cal Magazine,” published by your Society, goes to every part of the world. Although 
most of us, your fellow botanists in the West, lack the skill to read or understand 
your ancient and respected language, your important researches are generally publish- 
ed in one of the international languages. We deeply appreciate the concern you 
thus show for botanists of other nations, that we may know and grasp the signifi- 
cance of your researches. Through this act of international enlightenment you 
demonstrate your understanding of the highest scientific ideals. Let it be the great 
hope of all of us that in the not too distant future, men in political life in 
countries will develop the respect for truth, and intergrity in communication, that 


we in science now enjoy! 
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Members of your venerable Society have a distinguished record of scientific 
achievement. An outstanding example of this, in relativety recent years, is the 
“foolish seeedling”’ disease of rice. Its study led, in turn, to the discovery of gib- 
berellic acid, and its relation to growth processes. This contribution to a better 
comprehnsion of plant growth has, alone, stimulated many hundreds of your collea- 
gues in the West to strive to extend and further elucidate your history-making 


discovery. 


Scientific investigation is but one of the many pursuits of men in the field of 
botanical science. Among you, as among us, there are many teachers in colleges, 
universities, and other schools. It is important that we pass on our ever-growing 
knowledge of the plant world to coming generations of students. May we all look 
forward hopefully to the time when people everywhere will have the pleasure of 
knowing more about plants. 

Perhaps this broadened aim should be one of the worthy objectives for the next 
75 years, one in which we of a younger civilization might well emulate your 
example. 


Please be assured of our friendship and respect, and know that we count it an 
honor to salute you on this historic occasion. 
George S. Avery, Jr. 
October, 1957 


TELEGRAM 


LA SOCIETE BOTANIQUE DE L’URSS COMMUNIQUE SES FELICITATIONS 
LES PLUS SINCERES A LA SOCIETE BOTANIQUE DU JAPON A L’OCCASION DE. 
LA DATE DE 75 ANS DE SON ACTIVITE SCIENTIFIQUE DE GRAND MERITE. 
VOTRE SOCIETE A BEAUCOUP CONTRIBUEE AU DEVELOPPEMENT DE DIVER- 
SES BRANCHES DE LA BOTANIQUE AINSI QU’AUX INVESTIGATIONS DE LA 
VEGETATION ET LES SUCCES DES BOTANISTES JAPONAIS SONT TRES HAUTE- 
VALUE EN NOTRE PAYS. NOUS SOUHAITONS A LA SOCIETE BOTANIQUE 
DU JAPON DE NOUVEAU SUCCES EN CONSOLIDATION DES BOTANISTES 
JAPONAIS ET EN TOUTE SON ACTIVITE AU NOM DU PROGRES SCIENTIFIQUE. 


VICE-PRESIDENT B. SCHISCHKIN 


Re ft My 


yp 
yp 
em 


RAB RE MN E= = # 


(1882-1890) (1891-1905, 1907, 1909-1922.) (1906, 1908, 1923-1935) 


oboe BRR BERS 
(1936) (1937) 


7 


AEA FARE A PH Cute 


(1938-1939, 1942-1945) (1940) (1941) 


| alt PREBHEA 
(1946-1954) (1955-) 


411 


412 


HALES 75 JERR KORG 


FATE A FABIA Bs 


| 
ad 
4 


AEB LAB 


wer. ee re 


Nov.-Dec. 1957 : 


HKkARE 

Dita 14 4 4 ARRICHEES, ME 76, 
eo ire 38 RAS RBK 

IRR ASE. KBE CUE BET, HAS 43 
PRT LO Le Se < . KET DALE 
BAT BBR, fal 7 ERB (A). Waa 16 
PFE SP BL, HOC AE BA ORS 2 SK 6 
NA S Plc bes A, fe) 1 eR AY, > 
vVift® Kaiserliche Deutsche Akademie der Na- 


turforscher O28, [Al 17 42 RF 4Y, ~nrvy 
© Deutsche Chemische Gesellschaft O43 
RICHER S71, HBA 18 4EIC (LACE eR 
tfco HAA 25 EL O RUBE OTSA, He 21 
PIR GL Ss, [a] 27 RICA x EL 
Te O GHEIGW 72S — REPS Has K OKO 
FIs, WH. HAA 38 ZED 52 NOM 
mar 

7 ae ES 

Wife 16 4E 4 AICHE ES, METS, BI 
“Pe, BS PR RET HAA 42 ERA 
SAAS SPS, RELIC HA 
1B 44 R/S Peed, IE 6 ERMINE 
ABA Bo KIE 12 Pb 15 BERRI 
BC+, PBA 2 BHSEKO MITC K b BYE 
OFZ < 9 FART ERAT OFFA 
Tk, JHB ARR O BEV CHRIST SD 
fod DEB RCERE ACs VC Hie 2 S EOMM 
BROMLEY, Mary 87, MAO 
WII LOMAS O 2417, SLEARBAM 
onal aS fY (SAE, AE 

6 BRIS 39 4EDDE 51 FAMOMMFASAS 

x ot i fe 

HIS 9 42 1 AMET ICR SO. SF 81 
Fo Ott 33 ABA TERAT ICE, Bi 
1G 44 FERRE ee RE BF 4 9 EP 
AE 5 29 AHA ESOS) & eS 
WAN 24 4E 4 AR Rim, Ha 31 
fe 4 A y BEAMS te 0 BE ICV Ze 
Do COMA 5425 AKT VY ARYAREC 
N. Harvey (COX MABE Lik bo AAKEY 7 VY 
+ OWES 9 KIE 13 423-4 Y OTE 
fii R. Goldschmidt #92103 X HERVE. FH 
MIC IsT SAGES BV. HAIR 40 AEDT k 5 50 
FEY EOMBBeRS AO 


Bot. Mag. Tokyo, Vol. 70, Nos. 833-834 413 


aE Bh 

Wit 7 4E 3 AMR SERB ICE ES, UY 
AE 83, fake RE RS, SS Sera 
weike C UAHA 32 FE 7 ACRE AAR RE 
ZERAS, AERA ASE RH, UIA 40 Ela] 
KESSEL RET AIE 14 IIA BED) o 
RAH 6 AF LD CCBAC BAS te 4 ES AGA 


9. ARE IRR, (EARLE Beds, io 
nl AAR EE AAs, ARPS, BAe A, DE 
Ee SCBA, BOR aH RIE, ATE 


2 EMEP Oe 0, WRN 8 ARE Be 
Fee < 9 NAA 20 6 AERA, KE 
AZRILILS YN, DE VY, eT FREY 
mel, AIE 11 #6 AK YD 13 12 Axe 
WERT SEO 7K, Gt, WIC, BD 


WH, iG 31 EDN 59 AED Eo qs 
RB, 
® AE AL 


WAN 22 42 11 A aera MAT ICE S 
SE €8 + FAB SR eR CALE 4 ERE 
HATER AT OTE BR. CORKS EMRIA 
PA SBC AIE 10 EK ORR 15 EEC 
SASERE. ALE 13 FRE EO FUR Se < 6 
RA 14 4PRU ROO bi RARE. HA 
Fil 23 FEM EE BORNE EE SE Be, HERD 
24 AEPREP PHSB, (aE YZ 8 
An nntRmAC iO RERaSR, COWAART 
BAGICRIL, AAAS ARR, AALS 
YER, MORRA, KRIEWARE, BANE 
FMW TRAARS + hbo MKIE SPA, A 6 
FEW ODO LESE its, HAN 3 EWE, 
FLAFEIELY V7, NV, BYRD HEEL FS 6 
3, Bh, Dh, Bl, oy 0) SSR Y RES 


AXWIMEAE, BOOLESRE. WIG 40 EK 9 
50 MOM EASE 
AH 


AARA 15 ZEICAE ES, wee 75 Fo Win 41 AES 
ROR ACE WE BESS, BRS 44 AE 
ARIF. KiE 649 ABP O Fe si, 

fe a AERA itl ATE 8 AE BOK iG 
PIC, WR ATE 12 ERC EN AT BA MR BR 
(ED) Lite o, ABR 17 BR LEER ASA 
BAM ORB ES <. FORAEMS Hic ich 


al Wi Re aE 


HE}, WGA 25 JEL > BYORI SOE A} Ma 
fil 284F‘ OD AAR ARASAL UCHEICW KGS 
SEPA, BAIR 40 4K O 50 AF O KE 
YpPPrAZ A o 

am J 

WI 15 4E 9 APSARTHICLER SIF 75 Yo 
LSE, BIE Bee REC 
78 40 FER ACA FB OK 
TES AC HABE © SEC HEHE DF fit Fe BE 
Q 5 ATE 2 ERE BAC CLBD) lf 
fal 4 SEBEL eS KIET HICK, 3, GF, 
th, ALAND KEY AMR} ICRA 
BAAS BPE) > tho, ABR 17 FETE 
ECOMRAMMHE, BA EASE SRS 
ROL Dio AHN OHERIR TES <, SEPA 
PECKIE 10 4A), vv 7 BCHI#N 4 AE), BROKE 
Can 7~8 4E), TINE, Sark, PASE RRECHA 
A015 4F) ke oisA17 ICE cL 
“CHAE HAY, HAP RS & Ze b HE 21 AEG 
Ao HAM 23 ERMA ABS, WA 29 EX 
bo aWAKEC UCSHEICBS. MUI, 
ABRe:, JGR. BAIS 33 4Ek b 57 ARON 
ee By 

Ny iff 

BAIA 1646 4 ABBR ICH ES ETA, 
SEER RE CHA 41 RRO A SRA 
KIDS RASS MEK 5 BBR WISEATR EC. WA 
ia 43 ERB AREA Pk RES PBA et SE 
(CBSE ABD UREE & Zeb 7K FERNS, ZK EEIPSEBSA Ze 
abC, DORIC BR, AR iti, Bech, 
BULGE TB) & AED 9 FEO, He 
USA Ae, ARPA AE? BSED ait fit 
& UC, % OV VIRNEHF 4 ahd) HAA 16 
FEE RR BUSES, E(EOBEA, [Al 
25 FEAT LO SACHS, TOMA 11 4ERe 
AREA 5 MAA 29 FE RRAR FS AE ORR ERE PALS 
HEB CIFCC) 2JRGGL, 78 9 OMS lol SA 
ASCULATBARIAE & UCHR. BEDI 


S, Bit, WH 39 4EDIE 51 FEIN HERS 
Flo 
im We RR i 


Bara 11 42 6 AdpRTICAEE S, MAE 79 +, 
NATE 33 4E A EBAY HB eA 
DAS 42 26H AHO Aes < AVES 


83.70 2: BY 833-834 


~ pgan 32 48 11-12 A 


MESSE LUC REESE D7ED F 47 IC 
A DAIS 44 EMRE RAA BRT IC A 0 lalarBe & 7 
Do MFM 2 FERRE. [Al 4 EAR TSA FEZ, 
fa) 8 EAR HABA & eb fa) 15 FEES 
KB BALE BBR OBS RS 0 TC OTB 
IC, WAR 15 4Fd b 23 SU AEA RET 
REEMA, BUEAMMETAR ER MUL 
EMBED Wie 31 4EDix~6 59 FELL EO 

HARA 16 46 12 AANA ICAE ES, StF 74 
+, RReE ye RARE ¢ a), dht 
Hees, SSeS owe Ca, FLAG, AID 
Ey ete, HAIR 40 4EK b AAS PCLDY 
ICBIS SAS BR, ERE < PB ed Coe 
RLS, WMO ERAS TRS, HA 23 
see, LIGA 25 ABN, IME O AARER 
REBEL UC SHEETS 9 BUSA MSC 
RS 6 OPPO soe 5 9 WAG 40 4ED ATK 9 
50 4FELL LOY FARAR AS 

HR BAA 

We 16 4E 8 ARICA ES, SE T4 S$, BA 
ja 43 4EPRK, Kew fins cos, 
®|j Scottish Highland, Norfolk } hit, 
North Wales O(liesitirdd@t 2 775. AiETCHE 
Imperial College of Science and Technology 
® advanced course #7 48¥ (% 2 SEM ARO 
demonstrator £7¢4, XiE 4 4f Birmingham 
K°FO advanced course #23, FEUS Kew fig 
ral LE REE CWESE BE, AIE 5 See, ATES 
ORK OD BAAR TT, A AEs ESE AT, ALAR 
TK PERSP TED (CBS, NGA 34RD 14 ABAD 
BAST ait HI 16 EL b REE 
MMWR A, WALA AY i, BASH 
RARE ye RAD, EAE ER VZA TBE 
Ame wid, SEK EEA, 8 
AUNGRO RINE < L, WAR 23 4EL Ob 3 4H 
ABR RS BB WRU OD 
> RRC RSL ALICE 3 OZE, WARS 34 4Rk b 
56 “FAD filters A 

A Rw A 

Wit 17 4E 7 AQ RAyAfTiic HE 5 MYaE 
73 Fo Belge, OSE ee KET BAIA 41 
FERC BASRA SY Bea, KE 6 


Nov.-Dec. 1957 


APH OFA Se <  KIEOHEK DO 10 AE 
SB/\ Se BeBe, ATE] 0 ERLE BBS ICE 
sf bit, RK b 12 Seok, BB, wc Ae K 
TE 12 PROLAPSE). WAR 21 4EFEE 
I, HARM 22 FERILA EL, BAU ORE ES g 
SEOUL AIIS. WAR 40 4ELDK 50 ZEN @ Bee 
BRAC, Hi 15 AAA PASE UC 
KRFBIZD< To 

HF ia 

Wie 16 4 4 Ae Es ABE Ic HE & 
Do STAY. HUORAIL Eke, 8 Ae 
ewe TWAIA 42 EASA 
P8320 ALE 5 SEB BE O“FAAL eS <Q KIE 8 
4k) 13 FICAbAST Ra, i, BEB 
ie KR PRB & ARE ALE 13 RRA 
“Bye, WARIO ZEISS), fal 18 4R5E 
SBN, CORK MEAT, RRSCER AS, 5x 
AmeAy, BR REBATE O we PRE. I 
Ail 25 SERPS RAS, PIC ASE 
Hebe & ie bo REIS KUEN KOA, 
ge, RICH, ic Harbalandt A4FO F CH 
eters AiE 18 BIC Y »¥ VBKOA Y FR 
Bo EKRECHK DO PRARKANSDVHES 
BELT2< Lo BRM ERe ts Lk UAE 
=, HAIG 39 Fk oO 51 SMOMBMFARAT, 
LOMB 3k) 8 SHAMS R 6 LT 
Bee iain 

ay a re. 

HAG 3 4A 8 ASR WSSAMEHNIC/EE Oo A 
4 87 F, SHIRA SMP RRR A XY hk — 
PeCeeGsc oO, Hata A0.4peA ee a7 3 7 
— 7 DEAE Che Hl HAIR 42 TEAC AT 
BOCES, laldbiizee CATED ER ROKA 
BEE ROR L ipo, LOKIAR 8 Baad ic 
HEDB AIC bic), IE RIBO RA, 
We AIURATD CIE RE < 0 PRI Le 
YK rae: UCKMWERAOMA, Am 
£8 0) 4 RUPE ORB AV, AKT SIS Bad 
CAD © BIALIC Had SBR C3819 HY 
SOB Loo 1co WAR 10 FH LO She 
WE eo BPTI WIR 39 4b 51 416) 
Dita FAB Ao 

HR wi LA A BB 

HA34 8425 ABORT MIN ICAE 5 A 82 Fo 


iT 


al 


Bot. Mag. Tokyo, Vol. 70, Nos. 833-834 415 


IPAS /V5Ahe, SEVP eG RAS), 
USA REC HRS 32 ERR EC ACER A 
THD TAS, fal 34 EKO 39 HE CAH 
THUY TAE HS, Wig 40 EL b NIA 8 Ae 
deh & LCR ESO es e449. ATE 4 ee 
TEED Hh eS < KIEV 0 2 EK BE 
AiE 346k 0 8 4A PT R&C 
Wyre TAMER AIE3 Ek Of 11 Be ABBA 
2, ALE 1 4k OMe 17 ARR) OgE 
At $e, KiE 144 k b SUR AB BE Ut 
Senet, REP OA POSE OMPRICY So 
SPOCVIAU EA S*, AGES, HARA 31 4EDA Ak bo 59 
IND LORD FaeSB 

ae ie 

Wig 9 2 11 ALR ISAT IC AEE SSA 
81 4, Tia 29 FEI eB Aa OHA 
18 32 GAR BCA BLA he BE RHE To 
Wig 33 AL OK 2—- An FICO, IA 34 
ap M.A. [aj 35 4 Ph.D. OF fre %< BAIA 
35 EL) 384EG, FAY, BY RECHE, lt 
Withee ie Hee, BAR 39 44 Ae 
EOFMeS<. MEI AL DO RR BAS 
fii, fl 41 RASS Ree. HARA 44 ERR 
eB ASB, HAM 7 EBC) MIA 12 
SEB, HOMIE BCRGE, BOIS, 
UO, WEE, WIG 31 ELT & 59 ELE 
DFR Ao 

Tee Oe 

BARA 13 422 ABS ARTICLE 6 SE 
77 Fo PRAM Re & REC Wa 35 Eee 
BH AREAS ICEL iS ee as k OIE 
Vee CH Of, Wie 38 RR 
OPER ICA 40 ELORECET SY 6 Lia 
b ICEREO PHB CECE, ATE 8 BiB, Waa 
24 BIsROKE PA BIL & ICBC (EAE 
tL, 27 3 AEB, MATH ABU ¢ 1550 
EO | He ot TA HE BEARS Re US CBSE 
WeaEL UCKIE 6 EDR Ceo CRs 
ah C79 MAIE 38 4F Chicago A433 k US Harvard 
KE CWBER (I, WAR 3 ICILAF EL Cha 
COREE O hie fie, Cytologia OF {7c 
WIL, BHELOMRAA CHO, HeA.30 “RIC 


‘(PRRE ABO oii, BPS, ME 


So HE 38 EDK 52 FNOMMFRAAS 


416 Ra a- Be ME OBB 
HA fi 4a 
zy ey 


ERBMSZeo4aly Win 10 BOA él 
WESNehy, PERCE DTAAR bn, BY 
SG (DKA E. Morse Fi, fit? c (Sok BC a 
LARS A BU £7, DAE CHMWT 
OUEWVE EO aise ZELDA ibNSLGAE 
sito 4, MASMELD in moke, BLS 
10 Alc RAB Rae ADE UC HRV E aes 
ADZSh, LIELIERALCHEWFE ORR 
Bwi-7i, BP EIB ORD tbo ko EOCK 
AIRE MOA 0 & fro CHD FRI ORR 
ae eed its Pom a 
BAH, 2BoS, RAWAM, Mbfatl, 
BEY, AUB KELE 6 UUeiis tb, we 
RABE HAS ¢ esl, Wha 1 2 A 25 A 
Al HA ICS UC HH A ANZ L, & 
FIC KHMBR ARH LK Ubi LRA 
COPROBILE LOH NSC, COKRAAD 
BEAL 12 BCH. Ko 

HOAHBOAIA AAAS LIZ LIS 
PRE Te E HE LC AIC AAR OCHRE eds, Hel 
FICS SPER IETIS SAT TA, A 
18 20 #25 1S AML Chee eEsE SS 1 ees 1 
BABASH, YA PME & UCPC FETS 
Wito LE LILU DOMILIE HIT HORNS 
Po ht, KP Mee Mm AT & LP EDS EAS, 
CMMI AMOAA BARES C, BRE 
PES 6 FT Siacace EDD > Io Bl AS 
DO Mego IK (LIA EC k 4% fee, A AR, Tie 
fTidD LK 4 RS, - or YS, MEAS ioSt2 se 
CG, BRAVELY ES RLOILGGChoK, 

RBA Ws 224F, HH MERR3 BICA 
ATRE BB, BEF A RG ii FEDS =~ b 4 ee 
ELTHMEVT HEL, CHIC Thelygonum 
japonicum n. sp. Okubo et Makino M4,%4 
Ako CHILAAIC IS SH MIROR DO 4 O 
ETH S 2N¥ECHAA”, Ul 23 AEH HE 
fa 4 4% 44 SiH CT, RAAB lS ARE 
AICS Cy CAS SECO MALIBU, “..... 
TER AAO HEPA L—% RKO EPIC 5 CBSE, 
REE SNES, 4SRRACBAPSS B25 


S870 2% $8 833-834 


Wan 32 46 11-12. 


(Reyes 2! 
rid 

EG SILO GC, UERKOPFACKE STIS 
BSHELUCOHSEDLELES £5 
Rk, HovFa07F, EFVITAFRHMELLT 
ACHR L, OV Gx vy 7297 eHBe LUCA 
AK Loco C ORMBULA BLED A OWL DAIS 
Sr ice Lana ire i Ew Bo 
Lah Cave SRE LU CIWOFTMIC BST S si3Z & 
Ke 7 HE BHICHRS 15 lie), ee < 
DAHA st SHADED BOLT 2 BIT IZ OB 
to COLAIULTCAH ES © OH HERA Bot. 
Mag. Tokyo &€LC3IA# 614145 Rok 
Lab We 29 Hic S14 F 2, YF I OR 
HEMICEO, COC ERR LEMACO IA 
lm SCICSIR S215 45 reo ko 

HDFRAOBE filo Mlig < AES 
RPbabnt FkLIOR, HORKODRS 
(LHSIa 20 HRD bdHAECHbHAZCKBokt 
W5NSCHhSA, WA 21 SRN HRA 
i> bit UC i> SFB ARE CRRA ITBIA 19 
COL ICUS) CHIE ORE ITB 
Oc, WA 2 FAD btOA MH OMACA hy 
Mite ii Ok 5 (Chokes, CORALS 
CHAIR 29 FO4 FAY, YF VOPR CHE 
sito COW, SAR ORNS: be Uc re 
KB LTO, FE UCASE O EIB DT 
OCW 30 BHAA DLOH HOMIE ADL 
SR Rok, COMMMESE7 ve — FICEITS 
WE AMC eS LARC EA bo kD, BRO 
Wi 334A 4 1 BEAD, JERI, AEN 
AER, RO RSR= ERO 4 FEDS Lt, 

COL5CL CHEE, JEN, ABPEO FEF 
DIS > CEN CHR OWS 4 AHNWS 15 
KRORD, FOMODBMLOWE Oat O}zH 
Cha bite. Pitt DAMIR 42 seeps 
b, AERE* A (WN 43 ERD, EPS KILS BG 
(EIU T AIE 5 ERB EWR S, CHUSOMBE 
Ba RULE A BAD ALLERIA © S_E-CHRS 
aL, EK HEREC SIL} ORSMOE, 

HDARAMROTE WARE OR 
FETC HR O KE h SOULE OM HH I & 


Nov.-Dec, 1957 


LETbnER LW 5 ChE LOL, eb 
Se Bite CH he Yt LOMA Abc W 
Fo CAULK EAA Hb > RDS 
Oo SOLE ABMMB PR 4b O, EAI 30 
AOR MCHEACEARIB Sh (LOL XREK 
itn eA & OOK Saute), OL c IRL 
Ke, FING BALA RIA SID, HARA AK 
RAAT OZONE (THEATER 5 ho 
LESICAIE7T FRYEBSAMDIVAIC MO, 
FAD AEP DARB E PUL PRE OH, THrlcfho c 
Tere hE IULAOoR OD, SECIS 
AUT FD > FAMED EY ds SUEY BD AK 
FUCHIB ANSE 5 Chote, tb bKESe 
Rab Ae RY) OIC, RCE, Asta 
BAH, RURSCHAOCH, DAG SCBA, ALM 
AO MR CEA ED, ACE, BAD te EC 
SISO FRA IVC HOBIE & BEDS 
fIbMSZLACHO, ERAS KREIS 
PEE hha & KILI A IL, —TTAROISEAT EL 
CHIE 7 AAG) AEP SEMA DIALS TEL, 
DEO fl DHL RICE BAN FILS LF 
Kitsok, COD bE ARMORATS < iO, 
SCE, THEA EB, FAIRS Ze Ed DoF 
FROMMA bin, HwtOAR SREY: 
BAChoR CORR, PREBAS <i, 
TIVE FERT STEDICB KEI MEADE TS 
AKBoke, MW, HANDED 
LORENA OINC, HRP, 7 7 z 
Fe bein, HFREKFTREOBPHDAOMR 
DIMSNSLIAKMRok. LA LIB BlL 
HAZE SFR HERE & UC ESIC ALA Sac 
Lotto © DA ITHhAlWaMICas < 720, ABRHIO 
ACHR te ¢ tho-C Bo 
BARDMES em COLGICLCTHANO 
hb RH IDA SKBICSEMICHAS o CT 
WS, HLPRROGRGT CHADS TROT, 
AA 7 ee LC AM COR SIO 
WITOBA RHF ADL 50 Jaleelc 
DRE EKNARD Chon, RROBBILS | 
EX HR CHbNK, COO 4 AK EES 
fa Gt-c 50 IE ARARA GAD, Hd SAA 
DHE 2 AM Cbko CMRAABan, Bs 
Lb, MweACEOL A RKALA oT 
BAIS 32 ex G CHAR 2 EMAC CB SIEAS, 


Bot. Mag. Tokyo, Vol. 70, Nos. 833-834 A417 


tb SIC LATOR OD Chord, 2 
D 50 AERA CLS EEAKA EEF £1 
two RRbokOb, DOMBERAABICEK 
BokAthokOC4ROBACh boKS 

K & 50 ASFKROBSCORZCH8 ele 
LKEDBHDN, SSC TOM VHC LAAN 
7228, 3410 4EICIL ED CHHCKSDM DN, 
DVR & HIT HB ESBS ITS © EME GSS 
Koko £45 UCM 10 ZORBAROLS 
AB 3 WAR eM RAMEEM, CHALIAS 
BARMAN S LeoR, CHEOKSE 
(Ld bS< ORAMEE DO, GRASS 
IC, BAO WAHT 45 Ck YO, BAll 
Came Ioko0, FLA 0k oO UCHAOBE 
RIKBICDEL THIS OK RL oko MRE CIE 
fA MALE CHO ADNCOKR. 

REoee HEA 13 FOR RBROPRICO 
DWC 16 FRORAKBNOBIK ¢ okt 
WES, ARVEDS OH, 2HRREA 
ECOL SB ORILIRE Dot, BAMA 
CLOEWBSDSEKS< hRDOKRD, KBE 
LORBDAS in 0, PRC ast SE, 
SEBAD LIELIEAbn, MARE, BAS 
KRElHoC XR, BM 18 SEC 
MEO FET 4 © 5 PSAbIN, KAAS 
18 [AKA BRMBCHbVK, LAP LEOBFITE 
ABORAGL, Raa MeG 4b 3 AS ee DAC EB D> 
PHE LO, ZOHStts b te ICEME LOCI 
DRBbMEOP RSC Bok, COWES 
EORIROWE CH ROR DF, BHO ZB 
CRKAILBS, KIBO SARMAMELA 
ERIE SH, HWFARORR ST, COoOlos 
< OME SIZ EA ERT EhoK. FORMED 
SMB LIA 20 41S (LIE FT SIV IRD» Keo 

COMER ICE DI Co ok EIR 
XR» HAPS O FETE Lik, CAL 
BILBO SAY 7VOROCEHOT, MBFS 
DEBE XT SNIR DPD KANDA Cie 
Doteo CALA OD DAHA D BED Be BH 
Choko ERAS UIBM 22 SECO 4EIT 
BH DALLA > Keo 

KOBE MAOMM HAR 23 44 A, ASE 
RIGOR MACKEY TOKED HD 
nh, HbMPSoSRMORBASBH Eon, CHeH 


418 Ka 4 Bt ME RB 


RL LU COURHOBEKS EH CBA SIVS k 
FIChoK, CORHARCRMBKO O EDR 
Kot, CHILSKSEARLLICSAKOMD 
Met irokhhwsc, OZUEORA 40H 

THEI KBAR, MELT EET CS AS 
GEAZESICLELOG, 2S OAC, FE, 
BI, HSS, vis, FAEPOES, JLINIC SCH ARIS S 
CEEL AMS RRC S, TORRE CHOC 
TNS RA BO PSNR, BIBCHLE 
WAN b AVULZBAB ET EC ABSS 
trolto DBA AB a> DAL RBS AATHE Leo 

MHNAKZORE WhRCisht SPHMOAGE, 
Fit b6+3+3 +4 HORMICHA, HAR 24 
[cdo SHA FATEEL, BABILOK FD 
HNIC RIA SPD, PEROFINAS LARA 
FICE R OME SNEOLKY OK, FL 
WKEOS <I bE Hb SW LEO BPS 
ABEBDNSICBLO, MP EEBCESS < fro 
Ko CORMRUKA ARR EX, HES HE 
ALAN SZBSROC, SRD EOKEDO LW 
LBAIERSCEBMGSNS. 

COLIBRRFODRRNERICH, BABIC 
WHO £4 ROSE BAT yt bivk blk 
XR, SAS RE PARE a CN & Te 
b, NAPE SRR TROON, Ka be 
SE BADAVTC ACM AR A ORES 2 Ko 

T5ORMRR HANI AROUIF Kor 15 | 
Othe $0p2oCHSL, BBORE, Hires 
Hote, BHrltbDAKCitt 5 BEO MBE t & 
4A HO FERRE, & <I KPO FEE 
Re TORERILEELDEWZS, COW Ua 
BANE OW teh V ¢ DHARMA CHS 
(cys —== 

1. Wits > ATER EC OMI) Cos k & 35 af 
TH) CO JWR (LARA BARRE AE CHR 
BPR OAR TR CRIN Co 3 78, URSSICTR 
BOPP TbI, & SICA A ob SHAY 
FO PAD HE > RRERRHEC Hot, TOM 
(LHRHDO ES CHO, AWSOME OE 
Aa CO fz, 

2. KEM A DIRK ECO JH Cos k & 25 
fa) COWRRON4LAS DHE bi 
MD FORBATEEL EWR OD, BOUYO HE 
DPOF CHILI ILIV C & HF 


$8.70 2 $8 833-834 


Hag 32 46 11-12 F 


RChotkt. COMMSHHOLS CHT, A 
AHO ER EOS, ERMA SAKA SE D> 
bSk5 fro yo 

3. ARR GskE54F) MAOWAICE 
D AERBE AE L, FFA ORE LIS CA EM 
PE UT PELE C % > Fo 

4. ARO] Gskt10OFh) Meow 
DRPIHEZ, ABORME, RBORE, MiK 
TORER EIKO, MFA LV EBCIEA 
CHIC H A, 

TX COPS ii UC AbINEAKRORROE 
Rb OB2THS, FO1LTHRAORME, TO 
2 (LHR HERE O HEF TT CH > feo 

MS (LASER bAbNKELOE, TF 
Weks CHIAReERAELKC EXF Po 
ko SOUAZATCHIERRI BY CHbDNEOT, 
BRE bt ARLEOA CHORD FILEDEEE A 
Dito ROBE CT ORD HT SHED, K 
RARORRIC thot, MMABSRBO 
EK FHNS LH Cho KRO LI LABSICRL 
Dh Li pok, THUAN 50 AE 
WAARe IY & CHER CABKALET Te 
tloko bOEL TORCH tA CAR 
WEBADNKT EB Ho*RA, 50 AEAKAD 
HK, WHA Ok te eBRV RHO S, BERK 
Bebe. Ce Bl, ZOADARR11 El, RH 
4 lal, #LBE2Z (el, EM. lA, SHS, BM, 
R, Bins 1 lChHork, 

HE HERG BEE FILA AIL LD 5 AEA 
ChAD DILIEDS, Xb CHARI RE IK. 
IQOO 5 BLS, AEA O FE bo EBM 
SBCA AM VSERSCD IN CRW RED PRR % 
A, S bSICMACBE & te O HEM ete, 
WES CURIE EA EIT CHS BIL] GABE te 
2h COlk] 70 SxA2SA, WBMoORBweIC 
(Sie OMA ce MiRG & TO, HAA 8 447 AHO 3 
A(X 900 Me RML THICKRL, MRERASs LOS 
TAR QUEEN HM S UCP RERE D ED BIDS & A, 
ERMHEL EO, OVICHBA 20 45TH OI 
tris SICBORSS, MIRTH ON ARMA 
WW CRAIC L, WES L5H SK PHI EY 
wifes 

NEO SME CFS Pees 
FEE LACK (SINIICIEBRICV << DOO HES 


Nov.-Dec. 1957 


BHO, €OB< (BMBERAL THOR, EK 

EB LULBAR IS << DO PE ORES DIE G 

SUCW Ro FIOM LOX HIF 

1787 Botanical Magazine, London 

1818 Flora, Regensburg 

1824 Annales des Sciences naturelles—Bota- 
nique, Paris 

1843 Botanische Zeitung, Berlin 

1854 Bulletin, Societé botanique de France 

1858 Jahrbiicher fiir wissenschaftliche Bota- 
nik, Berlin 

1862 Bulletin, Societé royale de botanique 
de Belgique 7877 

1863 Journal of Botany, London 

1866 Botanisk Tidskrift, Dansk Botanisk 
Féreningen 7§ 77 

1880 Botanisches Centralblatt, Cassel 

TREB HS, TASOKBPLT CMI & a 

LEW. MAICAB ENZO Ch SMBON 

BeDR LIAO LC, RBICHMRE EG, PBCT 

Tb OMEGA ITIBV OV EOILKIEDHR DAD 

30 BHANREW ALG 

EPROM MEZRO 5b, HRALOOAWYU 
beBoTKSE :— 
75 vy ~hily24e Société botanique de France 
(i 1854424 A 23 Paris (Cis CA bn, 
ED IC RSES HERE Bulletin de Soc. bot. France 7 


Bot. Mag. Tokyo, Vol. 70, Nos. 833-834 419 


Feil, BER CASEY CSAIRO, 
“E(t 103 fAZEIC H7e ho, Bulletin (2104 42H 
LEW4, HEF 4 Y iily4e Deutsche Bota- 
nische Gesellschaft (t 1882 “= 9 9 16~19 
Eisenach fsVYC FLY, A-ARYVT, AL 
ADM FHOBE 0 CANA SN, HED bE 
Bagh Berichte d. Deutsch. Bot. Gesell. 27877 
Ly MESH CAREY CGAICRATED, FB 
Baia elt ADBAIESWIID, & 
ELPA BIN. 75 GIT Te D DSHERG(L 70 GFE 
fie ee CIVUILABO PER 3s kL OE ERE 

DASRE-BUCW 4S, Mo CAV 2 -F YD 
a6 Svenska Botaniska Foreningen (t 19074¢ 
2H 164 Stockholm (cis) cAhztbn, Hb 
(CREB Svensk Botanisk Tidskrift 23677 L 
CSAICRU, 448 50 JaBidee sl, Mea 
(k51 ARIEL TW So 

COLA IC-MANRT SHERI FY A 
KiERO 108 alae e Tro kore LT, ~ 
re -KES, FY 7 HPS ICOV'C, 
Bue einem ae 
él ReEFSTCEBCY, ABLES L 

Le aie aces aetna 
toh a et aa ste cel chai 
C0, CHeRO ETRE ROK TE S Wak 
EB ECMERRT S. 65 UCTNe SR 
»b EF CHAROMBWFS LST EeMGET SSE 
DECH4>, 


420 fi @ = HE 10% 833-834 32 HF 32 me 1-l2 A 


HAM BY RH HE Mm FE A 


OW Eatin 
- |seam| ma «|x & | Mw * BR | We, TOTt 
~ cel lo i ee — Ib EL Bl te 
1882 WW|}15 pee 2 ea oe 
1883 {W716 " 5 RE Fe 
1884. 3417 " 
1885 ia "” se Bk Sy 
1886 W419 " ZENA 
1887 IWJi20 Tae EES? cian 
1888 (J7421 ” WHE 2 % 
1889 IJ}422 ” WHE 3 26 
1890 HWH}A23 " REUHE 4 2 WME A 44 BCH RI 
a HE 5 & Cz : ae 
fon ee a fie = FETEL 2) Engler Syllabus d. Pflan- erat, 
1892 Wlin25 ft AUME 6 zenfamilien jf!) 
1893 HAFA26 " HEHE 7 A 7 XY HH PAS AIL 
1894. 17427 " HAE 8 2 A year 
1895 HAH28 " HEHE D 2% A ysis 
1896 HAFA29 " MELON AFa Ve VF IEE 
1897 BAYG30 " AEPHEL I 
1898 AA}G31 " HELI% 
1899 HWA}432 ” fetHE13 4 ACRES , 
1900 }7833 ” males ee 
1901 WA7S34 " AEHELS 
1902 HA}835 ” EHEL OS 
1903 HA}G36 ” ECHEL 72 Johannsen fis z HAAS 
1904 BA}837 ” HEMEL XS A ee et 
1905 HA}438 " REED ARH 
1906 HAIS39 | = wy AF AEUHE20% 
1907 HARA | HAN ES HAMEZL AY .-FYWDFAAY 
1908 WAAL | = ee OH hea 
1910 fA }S43 " cole oe 
1911 {WHyA44 ” AHEZ5 2 
1912 oe ” fiCME26 YS 
1913 Kik 2 ” WeME27 ¥8 
1914 AjE 3 " HIUHME28 %& [Re 
1915 kik 4 ” AiTE29 % = 
es 10 ARAN aS 

1916 iE 5 ” HUMESO% DISEASE AIT 
1917 XIE 6 " ACHES 1 
1918 Xie 7 " WUE 2% G8) APE WISER VT ARAM & 
1919 KE 8 ” RMB % eM? carey pip PSE ES Mi 
1920 XIE 9 " AMES 4 2 
1921 AiF10 ” REMES5 YE RAG ARES cable Lee led 


me * Ti SEAT 


Nov.-Dec, 1957 


1922 el 
1923. AiE12 
1924 KiE138 


1925 AiE14 


AieE15 
1926 men 1 


1927 Raa 2 
1928 HAA 3 


1929 HA 4 


1930 HAM 5 
1931 ABA 6 
1932 HAA 7 
1933 HAA 8 
1934 HAA 9 
1935 HAANLO 


1936 HAIL 
1937 HaA12 
1938 HAI 
1939 HEA14 
1940 AALS 
1941 HA AI16 
1942 HA#17 


1943 HA#118 
1944 HALO 
1945 HEA20 
1946 ABAZ1 


1947 GANZ 
1948 H#23 
1949 HBAN24 


1950 HEAN25 


1951 FAAAN26 
1952 HA*27 
1953 Ha #28 
1954: HAAH29 
1955 Ha Fi130 
1956 ARAIS1 
1957 H4AN32 


Bit 

SPREE 

42 FH RE 
" 

Fd i iE A 

HS phi Ze 

He FY EA 


(Bek, 
o 
im 
Bu 
a 


” 


AR #8 HRA 
" 


" 


Bot. Mag. Tokyo, Vol. 70, Nos. 833-834 


ACHES 6 As 
REMES 7 
REMES 8% 
REEMESO AS 
REEAOXE COO 
2) MEF BEAL) 
BME 2S 
3 Aides 
RECHEA2 4 


REESE 


WPHEAS 
50 fale eh 
WHEAT AS 
REMEAS 
AEEAO 4s 


ECHESO AS 
REMEDI2S + 5-6 
Aes 

REHES2 & 

REPHESS 4 

ARES AE 

REHESS & 

REED 6-5 


REST 
KEES 
CABZ1ED BSG SD 
RE ART 

EBA 
CHB22E) mlsa TS) 
HEEGO At 
(A424 ED fill) 
REeMEOL As 
CHG24En lca TD 


EMEC 2S 


HEMESS 2 


HEHE 
KEMEOS 
HME66 
HUME 7 “es 


PARR Ys 
HeUMEGON © 10- 
12H Ries 

REAME7O-& 


7 ARIES Bes 
Ce 


jes 


A A50)alae ad 
as 


in ZX 
A KABCAR) 
4 KSC RGR) 


al Kas 


4 6 fal 


yp 


> 
pau 
e 
St 
> dD 


= 
is) 
a 
Ne) 
7c 
b> oY 


So 
m 
S 
il 
9 
p 


a 
CR) 

10 AMA 
Ge) 


ae 
> bb 


all 
VY 


i) 


y 


5 & 2 
WA dA Pani] 
RSs as 
TS) EAE] th el esa 
SOE oe 
H> b> D> Wb bp WD bb Gb 


“4 

wm 
mit 
EE 
y 

b> 


10.5 75 jal 


22\Al KACRR)| 


FyRI4 bX FAB 
BARAT 


re 3 YL ASE SSS A 


Pata IE EER 
Baie 

BO + KE SCRRACE HM 
SERRE «be 7 AFF 
ae ea eee 


FARES & LER 
Rl Se aT 


Hee ALT 


4 BLOAT RIL 


Ao ang ARE A EE BE 
Soe KREWE DIIEM BLL 


Behe 
VR EOE AL 


aC Pa Hh OK 


A FH RE EE 1 
11 FO RE 


f 8 ARE Be, (1940 - 


45) ia 2 + 104 ee 
\= anenaie 


9 A RWS PAPA Te 


10 F AWS EASE 


421 


IAC 


WK 
ae 


422 fi B® HE FB 
a0 SS a 1H 
KEL O24S BRR 
We Be BE A 


HAN LAO 75 AERMRARL BRVAL 
FET. DRKABED DFARRRELET KH 
ICZEBAOE LEM, PrP THLEWIAR 
bd YO Eb, KIEDUC DD BO “Hy HEE” 
CB 26 4PO)RAELEM, RRL PBBEE 
%E5 HSEOCLHYD EVA. EOC “HAT 
MEE” LE RARLPRAIC, TOLEDO 
Her HL DISS TLIC L ELK BAUEATC 
ATE ABI O, ESB ITRALITE 
ZACLEDZPLEACETR, TOL UHF 
LRFRWET.S 

KETC (1912) 2> HGR 32 4E(1957) ¥-EO 
45 EO DW 721, FRA CHoEKE TS fa E 
GOV5 OT << BS< STOW HSoKLAWE 
to —DISHRABKicCbokitsechy, —o 
(LARBRAOL ECHO ETS 

KITE 12 4411923) OM RABKOL X1X “KAY 
RR” OG ABSACS LoKLEECHSOELE 
DS, PNCKHWOTLEW ELK UM USSITRIE 
BAR CHELEOC, FCCBMACREL 
Ko O¥O7-12 ASILAMLLCTHHLELES 

OF(LKARBRADOLECTA, TORIRITH 
AM 16 4QM4DIcik CEO, HAA 20 4F(1945)ic 
Ro TWEET, BH 11 AAKAARAT CBA Ave 
cSt, ARLE, ARGRTALRO 
WELK LERRELTW ETS 

“fit PERG” (2S8 58 2% CHR 19 4F 1944) 
DELDP DRAB ETFO ¢ HOl(LUDEL Ro 
MOB b HA SIVE LZ. 1 ABI, Arcthe 
ofc 14 WC, ARB PHS A & BAU RRHEX ALO 
OD MISC? Dt, BAB 22 AREA TE 
J. 2ASik 38 AC, GN7Y, MSGS, 
Segi-Tosio, IRA HEO4 RO sac ©, REE — RAE, 
SHUT, FASE 3 ROMERO TW ET, 
3 A(t 30 EC, PRR OA, IRAE O FRE 
&, PHA WERIED> 10 FHOMBEMNO os THES, 
PMLAOF FME Rs TWEFS 

CACHEREVIES GC, ThPblIEvEWE 
UFPUL<S HO, 4-9 A (688-690 B) (ree 
OWA 21 4B 5 Aichko CPs LHL tW 


70 28 8 833-834 & 


Wigan 32 47 11-124 


+. MHS, KABOOM, HAE, BokRA 
FB, FRU BEWERICK D4 HCO DO, PARK 
sit WRChOET, BARICITS Rok “Ss 
CEbO” BOs TWED, COB 58 BITS 
CC 92 MGA, WMI B1ID OH 48 425 
1009 Htc, 10 F#MECHS KCL RAS CRI 
fC ib ED, HARM 21 FP S(h2S4R6F CHA 
seFjLmoO, THA 67 BCAM 29) GOD 

x, 8 68 ApPo(LAMICHZOELKO 

STHILE 5 Lib, BRABROL AE 
MES CHO, KAMMREO L & IC(LBSET 
bho¥ELKo EL CHOL & (PREAH 
HE CMAMEESVES ARCH bn, ROE SVE 
SESE RAE Cb bILELKo 

Wan 21 4EBE > DILARI)\ASAC, BREE 
VIAIBCKRS Adz bir, “HSER” DFS 59 
(120 A) ei 60 %4(113 BE) OTARARA 
AMR ODI SHEL TOT AIEMMBIATS BA 
BP RPIRICECGhL 5 Os TWEETS 

TCORMO TAR kh boNKABORA MU, 
“HP MERE” ICD > TWSHITC SCBA 18-28 
B)OFOL5 CHO ELEM. 

THA $e, MENEEAES, MSR, TIER, 
NAGAR, JIN, BiiRE, SRS, & 
FR, TAA, MEARE, AABH, Bw 
=, Aas, GANIC, BIRR, SHS 
2, He Rt, MING, ARIK, CRA AR, 
FAR PRSE, FASRaS ARB, itSbiEfa, AKIBR. 1 
ARH PA, YHA, era, ARBRPR, WBE 
Feo 

“Heese” COW CHEST CLALETE, 
$8 35 2CKIE 10 4 1921) clk 1 HOMASY 
J CPTENMTWANC SARA 4 o TWEL 
Re COVIT DAH 36 BPGSL O(EFAHE LZ, 
TORAAL UCIT CHO EL, THz 
CVS BARBS ICT oP OL MP bHELT, 
bok SHOR MOW CIED bY 7 ORB 
HEX ALC SPMATL BIER TVET, TOC 
40 262> VIBES 2d Ct p2> L— ERR MH Ic 
2RCEMHVETM) SACBKLACTWET, 
HICH 55 2 CHM 16 4 1941) pHWARAO 
BUD. 46 {ei (199mm x258mm) 2» B Fi 
5 # (182mm x 257mm) (CAO TOUS ¢ Ze 
2 GV Nears 


Ve ee ey 


ey hd ee 


Nov.—Dec. 1957 


RAVES BEEPS KL DERO RH O33 
me LICH OELICK A IC, HBA 8 4E(1933)4 Fe 
RCH LIMBO Bard, AAO ss 22 n]1C1957)* 
CEPR MIC 3s CW TWEDAS HAM 19-22 
FED BWPZICEKAA TE ¢, HARM 23 44°1948) 4 

FAICH MBA CHS 12 ARASH OWERS tr 
SSHAR 7 AEC (LARZS 59 JAE ARABA DO *EL 
7e 

BY [AARC (aE BOL 23 -C, ABBA Es 
(k 64 GCHO EL? FOB 22 MAR CU, 
ili EI 200 LAL E-C, BINA 400 Bca y 
ET o EXKAARMISALETE (1912) ict 403 & 
CHOELIEM, S474) 1150 Bickov-tw 
S25 

ABV M [Cts The bHNELHLE LEA, F 

IL—DORRASOEDF, ThHlpASaADE 
BES AOCTH AH, IBM 10 4 ACR CS 
3 AARBS YO, MYBAAEEBKARSE CH < T 
EMR OELK, EX ABE LED DHE 
BSA hE hE LHL DORKS, 
RADA DITCAW ICT BRL W 5 HBCT, 
HotbHLC, MMAKABHAKKIAWs Tt 
WRECEBbDAYD, Pot MAxokWFEW YH 
7 ol GE Galea 

DF |CZAPIAMD bDIO=] DD FSoTHELE 
50 BADWMAULARBEbSVWELKS MUS 
VA HED FASE 25 |v) | HE ed OFA IC a DE Lem 
b, FECKW TO MaWELEA, DBITILA 
BRAMICAOO, MALSOCStTHINSTE 
BA< im bELIco 

WLEBDOTAI, PNE=, BORE, BA 
ie PPS HEL V5 £45 EOLA O 3s 
ARMBCKOEUTCTEW VETS 

PARZE-AEVL, HA OMAD HM eS. ¢ WES 
nH, MQAOS< WBE, ARK 0 EL 
LOCHS7TLRLEZ SN, KFOMBCS, 
LAOMATCELURUBEEENMELKS OF 
AHFEDWM I OVWF Lic O ANZA SEVANA 
$bLAS HUTS RS oKbOTH 

fek Ait, KIE3S (1914) 1 A 24 HOPI 
OP AINE) Clk, OF OMe LTH SNE 
to 

RCLOCMEROK 7B =aRT 

COCOBBICkLOETFL 


Bot. Mag. Tokyo, Vol. 70, Nos. 833-834 423 


ECLOEREBLIE(FY yy 2AEDORILETS 
Dvd PE OC. HPATE(Ngat-shi-ko) OKI 
LYSKELOCHS, Ek, UeHieh FHiCNazu- 
Na) OAK C, HROMR  BbI OCH 
ae 

OEITHVESNETOW, BEECH, 
FALVLWMA CROC OHA LT SHEFF 
& ICAIE 8-10 4F (1919-1921) OEM ALITA 
DOF E b PHIL EAC AKO 
OCS AD vise 

7ceLA, AE 8 € 12 A 13 Aicit 

Alf Cactor), Pak eiiny Cid”, pan- 
ZEA GME eH = BY Ar 353 

OMCAM SH, CDWC4HOMBMAATH 
iE 10 # 10 A 29 ROPATCT 

ATRRRE ERM ADI 7 BE bY FT 7 
TR UP yy 5 DEIR 

i SEL CHM SOME CHEE 
MrfAL UT Bion PEEA, THAMEMICA 
ABNSZEW5 OC Ellipson LARDR HN* 
LEAS, TOTADEAOMEIS, BE SIT 
BZ bICAE Leo PEESEALVS FRE Re7e OS 
TEOPIZE CHRENE LIB, CHRBBICTS 
CLES Cu, SEO “AHR” AGC 
Fae 

FARNSEAE D HAD AIC 33 tS ASABE 
TDERBATC, REKBW4ODIETOUV LAR 
> ESEOREICARNKbOCLES MBSE 
WIS CHI SNSL LDR, MBL “te 
ty MESe” WERSNMELEL, RICCHMEL 
Ch HAE LF CThe natural classification 
of plants according to the dynamic system. 
1921), EKtOR “HDA” OS 1 A CHAR 
8 42 1933) PAS 2 2% (HE 104E) ChBUTIS 
bIVET o 

FARSELED ARIEV << OPboOETAD, TOC 
WOFOLORDFTRSETS 

KiE 9 4 (1920) 9. 25 AOPIATc 
ESA 7 BHAA 7 NBR 7 BEB ~ 

FAP SEAL ATED NRE TC b BUD ITE Bae daa & 
PELE, ETADBRBE bOAMICMABIABS 
WELK. DMFHAC, ODICRMELZ OD, 
“WR” LVbNTHGCLESD, HRSIMEL 
fro HD KC BLMACI DO, BOATLR, 


gen, biophore), 


424 fi wo 4 HM 


LAE SEAL © PICT LTH EEO 
YER OF DE ELKO “FR” HET 
CHLEBOET. PHBA TH Se LENE 
PES, DILLOEGAD, WAWHAL A MICH 
DhATLRXEBNEOCLE5,. bFLER 
fat DFAS LOL < SOGBSARCSMNE 
NIOCT o 

«see 4 OLEH!” 

Lo 

|W RORB CL, BILE, 
ARSE tOMO FHP & OO BICWEL 
io THB RHAEEOBNEDOLIFO TC, TORI 
DES LSA AEC Y KOH O BHR T 
WRWITIE DEL TH bLNZOBAZELES & 
& ESKER EAL OVGBSCZET. A 
AACE SBSRRT <eRIC, clcbp 
£ ich AES Denker CHSL, Me BILE 
LEsKTLbHDETS 

HSL XAH EB EDSON ITA TET 
UCI bNS5 DI, FAL ho ORMBELAOD 
ZLITHOO, PHEEOTL CH bMIT eT 
LECbW4OCLK BiH, FRSOIFTES 
A OMICS SNES, PAC “KT THAR" L 
WHNKOCH, FEL, ESPBVHBLRET 
OES (Seeker LOM GL AVEN ONES Ghent, fe Ree vs 
kYOONP Pb, “AR-Y” EWS REGEX 
IFEWVBSCATEUC, BESAWHTEWH CES 
BOP Miso 

KEY (1920) 12 A 11 A OPAOLSX, GB 
JIFERRIEEDS 

(CD77 Ata (A =A 
Dated 2 Sar, FAFPSE-AED VER SNM OOML 
VB EAD LA bk< RT SLVdDHEL 
Rod 6 LHASA oT, ROS t REEL O 
KictsCS< tvotHinkott, £74 
PSALAASE-AEAS7e 3 'T, MUNDSZ & Domest & DLs 
RL L-RMISLOCLEWERWAN EL? 
COTAWMAORMS SBA oEKI CH, 
WEA OFT Tic Cytotaxonomy Ovy#y 
VABSOELTA, SLABEABTHE SV 
THENELKE BIL, “BLORBSL, Ete 
EMTETCERP 5 TWSOD” LSHIHewAd 
Livk tthe 

tlhe COTA, TCORMICABEEO 


$70 2% 38 833-834 


Hag 32 4F 11-12 FA 


APO L i>, HAFSEAEO MIRE © WIZE 
Lia, ¥7CSRPREREE DID 7 7 RY OWE 
La, PARE O EE © ERR TIME & Ve 
SXF ABD OLAS oT MECH S 
DPIRIOS 7 OUIFELELELOCHE VES 

BEICMULAICHtT 6 7CLe-ORLDITS 
CLPBOSLABVWEVELCACETS 

Key MSE” TE 44 2% (1930) O 368 Hic, 
Waa 5 4 (1930) 6 A 7 A OPlSidssAsC CWE 
t+. OAD) SADS 

oka mak, He =1E BR = 
OH UTHONET. TOHEWMTARCE 
BAL TH OES 

“KART PET ) > RSA, AIPORT 7 

CAPA =B AT 7 ALG = 2 
YAR”, 

TraFFAIELEDEW5 ETA, REARES 
AOZEACERWE 5 RBBB HS SHI C, Po 
XPLORE LARITHEDOVKREWS HUITCT © 

ZEOMOAD 5 ABO “hie? CH 44 
2E58 52) ICIMLEIA - FEATS, 

hit 7 RROMAB zr BR, BH PA, He 
FA 7 B= 9 4 FED 

LVW4 MICBO > TWETS TC OMRMSCITOWYT 
6 HOPIACHTCLicthotTMRbU CT. 
NOD a CMBBEKCHWERCHEorOLA 
WET, LC ADBAREA ¢ MISHHEAITE YO 
TENTEWNAITL ASME LE, BERKS 
(RDRFORA DSL HITEW GHG, WAWA 
EWS eT SK KS soKbWU CT. AMBAU4E 
HLWAWAL MMR LEK 5 °CLREAS, Mik) 
SREST NEUE 

ZICH 2AVUBRAOW I? OG, ERE 
S°$YVWHSLBoOKOCTA, CALE 
FEIT ESO SNE Lic, BK BEAWSAWS 
EBKROEDIZLLALWA, HHAICSHEoT 
ECHR ST LIPO BKWL, SE 
SIUTLESROCT, TOCHEEV SC LIc 
0, COLL PBBICHLVNELEDS, IRA 
CEL, TEBITIAASZSALTWTEADHS 
EWA OC, 2 KCHRRITO 3 THEN LEO 
MOMORICHBA LT LEW ELE. FUT 
TOKs TWREW RZ DICT, 

CIUCRREBHSCLICWR LET, 


Nov.-Dec. 1957 


Et EF BW) 


BMILAAOMOMEREGO LAL UCAS 
DORA EAO = & MVR LT RIES 

La» LINAS OEE AVS L REVEL O 
BCH okOCCOMO = LARA tev 
D CED COROT BRUNER FET Db ZIVITK 3 
TCLOBMOFRDOELRLOA EW RH X TE 
Vo 

BAL ORAS CHE, BAYA 13 Ric ABRIC 
REELED, BBE 5 Ch /)\ BROOM CHE 
PHPU ODM bY, MPBOMPBAHV, 
PRET E 4 Po Ko PPRRILIRFRTTEMNIT 5 Pe 
DEEL CHEATB, CO OF 4 MRE CH > 
Ro COPMMAO BIAS APRITA SRB 
CHAD T HIRE Asko £4 UHI 29 Bic 
LR LCPRAFOMRARZICAS eA, Cae 
CAREC EO, Eh ie < VAIN OAs 1c 
Kok, THERMASBLELOCHoKo 
COL 5 (CHARS Ci LEME bina 
afc Olk, WIAKESTOBSES AGM LW ew 
DBEChokLi}5 o 
\ WEED TAILIEROFABAICADF, THE 
EEG OS FEI tho TORTS SD OED, 
TRB IC AE D AR SEHE DSR ICS ¢ ATH 
eo PROS Alms MM Hee aS Lee 
DBIEPI 51 OC. BEAR 4 MBC S 


Bot. Mag. Tokyo, Vol. 70, Nos. 833-834 425 


WUC S, SH PRE CIE UD CER ORM? 5 
iee 

COLS5ICULC, MNSRe, TISSMMG BE, A 
TORRESEN SIZOWT, VERE, FEBS, 
ISRO SHEDS, TIFROMEM UCP. OL 
FICK 5 MICHA CX CHR LCS, Bs2S 
REICH > TV aK 

TOL TANG, HD EAO AY. Sdr7e WA 15 
SPIT (L, AIPM GILT SADIRA LIn<, 
MADARA SOR MORSE L tore O 
(08% 18 4B CHsoKOC, 20 HICH HE BE 
DH SKF wRoKLUVW A, SOM LWT 
ERBWCEMEARBYEbokOG, COUR 
JR LCA IS Lic 0 MEBE 2 HAGE LICE OD 
KA DEWANLAB CH 37255} LBS. OEY 
IRD ETE QHE CH oO, MRROAE 4 A 
Team C2 EEC, ARRAS, Bl 2 IRR 
ERR OMIT ICYD 5 MEO 5 LORAV 
HAWKE CHoKRL, FROST HV 
5 20D ho eE4MUBSHNTWROCH ESA 
50 

BAIA 30 ED RIED SS ¢ AROMA 
Berroa, © OBIT te THAANEO MSS 
JSS bX, SRAMLEDEHL, FROBASL 
Bich, PRA RACBiCioTWoks Ls 
L, MeahIC % Bdar7cAdSs Clk, WER, HEE, HT 
Bis, WTR ESZPocsB, THIETGW 
> BAS BICHENEASC, THLTOMR 
DEROKBERRLTWS &DEVZE So 


426 ‘aw F RE BR - BOR FH 833-84 5 Waa 32 4F 11-12 A 


TF All 


Bie 


ia 


Adventuring in Japanese Botany 


(Summary ) 


by Egbert H. Warker* 


Many American botanists have dealt now and then with Japanese plants, but 
few, if any, have ever become as deeply involved as I have. Most have been plant 
explorers, seeking materials in your mountains, fields, forests, and gardens to enrich 
western agriculture and horticulture. Because my interest in Japanese botany is dif- 
ferent, I shall scan my projects and discuss some of the problems they have presented. 
The success of this talk will be measured by the discussion it elicits. 

This work has largely been carried on at the Smithsonian Institution, where 
important collections from Japan may be found in the U.S. National Herbarium. Some 
of these specimens were studied by Asa Gray, the first American who dealt with 
the botany of Japan, especially on the relationship between eastern Asia and eastern 
North America. Although the U.S. National Herbarium has many specimens from 
Japan and the Ryukyu Islands, a relatively large number of reported species from 
this area are still unrepresented. 

Early in my career I worked with the late Elmer D. Merrill in the preparation 
of “ A Bibliography of Eastern Asiatic Botany ”. Over 700 Japanese authors are among 
those who contributed the 21,000 works there listed. This bibliography was designed 
as a tool for all botanists working with eastern Asiatic plants. Hence, its coverage 
was wide. Unfortunately many oriental titles could be given only in translation, 
and Chinese and Japanese characters were used to a limited extent. This restricted 
use of the oriental languages hampers the use of this work by Japanese and Chinese 
scholars. It is hoped that in the first supplement, the final preparation of which 
will soon be started, this limitation in the original work can be corrected. This will 
require closer cooperation with botanists and bibliographers in this part of the world, 
and probably publication in Japan. 

The second project undertaken at Dr. Merrill’s suggestion was a “ Revision of the 
Eastern Asiatic Myrsinaceae”’, involving Japanese sepecies. This led eventually to a 
coordination of my work with a corresponding work by the late Takenoshin Nakai. 
This study bore fruit in some understanding of the differences and similarities in 
western and Japanese taxonomic perspectives. An interesting sideline in these taxo- 
nomic studies has been the direct and the indirect contact with many people. In my 
revision appear the names of over 250 people. If a botanist also likes people, he 
should be a taxonomist and a bibliographer. 


* Botanical Department, Smithsonian Institution, Washington, D. C., U.S.A. 
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A deeper involvement in Japanese botany came with the editing soon after the 
war of a “ Flora of Okinawa”, which had been prepared by three Okinawan botanists 
at the request of the naturalist servicemen in the U.S. Army stationed there. The 
edited manuscript was mimeographed in 1952 by the U.S. Civil Administration in the 
Ryukyus and the Goverment of the Ryukyu Islands. At the request of these organiza- 
tions a new and greatly improved “ Flora of Okinawa” is now being prepared. It is 
being founded on my own collections made in Okinawa and the southern Ryukyus in 
1951 and on those of some 80 other collectors, mostly J apanese and Okinawan. It is 
the furtherance of this project which has brought me to Japan at this time to delve 
into your herbaria, and for which I shall go on to Okinawa and Taiwan. 

Another project in Japanese botany was the preparation of a treatment of over 
200 “Important Trees of the Ryukyu Islands”, also undertaken at the request of the 
U.S. Civil Administration in the Ryukyus. It has likewise brought me close to prob- 
lems in the botany of this area, thus furnishing valuable experience for the more 
technical flora now in preparation. It was profusely illustrated by line drawings. 
It was translated into Japanese by the Okinawans and was published in 1954 with 
Japanese and English text in parallel columns, thus making it a useful work in Oki- 
nawan schools. On the title page my given name appears in Japanese “kana”, my 
middle initial as an English letter, and my family name in Chinese, thus rendering 
me nomenclaturally as a triple hybrid. I am grateful that the taxonmists’ abhorrence 
of such nomenclatural barbarisms applies only to scientific names of plants, and not 
to those of authors. I feel honored to be so linked to three great cultures. 

In order further to promote greater accord between Japanese and western botanists 
one more project in this field is being carried out. This is the editing, along with 
Fred Meyer, now with the U.S. Department of Agriculture, of an English translation 
by Jisaburo Ohwi of his “Flora of Japan”, published in 1953 in Japanese. This will 
be the comprehensive treatment of the Japanese flora in any western language since 
1879. Because of the interest of the National Science Foundation in promoting cul- 
tural interchange of this nature, that organization has provided funds for the prepara- 
tion of the manuscript of this English edition. 

It is the aim through these endeavors to help to bring the botanists of Japan and 
of America and the west into closer understanding and cooperation. May we soon 
eliminate the terms Japanese botany and American botany, and have only botany 
and botanists, working together in pushing back the boundary between the known 
and the unknown toward its ultimate extinction, 
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